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IMPROVED DISPERSANT ADDITIVES PREPARED FROM MONOEPOXY THIOLS 

This invention relates to improved oil soluble dispersant additives useful as oleaginous compositions, 
including fuel and lubricating oil compositions, and to concentrates containing said additives. 

U.S. Patent 3,367,943 is directed to a process for preparing oil soluble additives, useful as sludge 
dispersants. which comprises reacting a C 2 to Cs alkylene oxide with either (a) an alkylene succinimide 
5 derived from an aliphatic polyamine, or (b) the products obtained by reacting an alkenyl succinic anhydride, 
a Ci to C30 aliphatic hydrocarbon carboxyiic acid and an aliphatic polyamine. 

U.S. Patent 3,373,111 is directed to oil soluble nitrogen-containing compositions prepared by a process 
which comprises treating an acylated amine with at least 0.2 equivalents of an organic monoepoxide. The 
acylated amine is prepared by reacting an alkylene amine with from about 0.2 to 2 equivalents of certain 
10 acid-producing compounds, including hydrocarbyhsubstituted succinic acids wherein the hydrocarbyl sub- 
stituent has at least about 50 aliphatic carbon atoms. The organic epoxides which are disclosed are 
unsubstituted or halo-substituted. 

U.S. Patent 3.579,450 relates to post-treatment of oil soluble esters of mono- or polycarboxylic acids 
and polyhydric alcohols with from about 0.05 to 5 equivalents of an organic epoxide per equivalent of 
75 alcohol present in the ester. The organic epoxides comprise hydrocarbyl and halo-substituted hydrocarbyl 
epoxides. U.S. Patents 3,859,318; 3,552,179; and 3.381,022 contain a similar disclosure of organic 
epoxides. 

U.S. Patent 3,632,510 is directed to mixed ester-metal salts which, in one embodiment, are obtained by 
reaction of a hydrocarbyl substituted succinic acid or anhydride with an epoxide to form an acidic ester 

20 containing unesterified carboxyiic acylating groups, which is then reacted with a basically reacting metal 
compound to convert the unesterified carboxyiic acylating groups to metal carboxylate groups. Epoxides 
cited as suitable are ethylene oxide, propylene oxide, styrene oxide, 1 ,2-butylene oxide, 2,3-butylene oxide, 
epichlorohydrin, cyclohexene oxide, 1,2-octylene oxide, epoxidized soya bean oil, methyl ester of 9,10- 
epoxy-stearic acid and butadiene epoxide. These esterification reactions are disclosed to involve ring- 

25 opening of the selected epoxide as illustrated by the reaction of ethylene oxide with a substituted succinic 
acid to form hydroxy-terminated esters of the formula: 
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when one mole of the substituted succinic acid is reacted with one or two moles of ethylene oxide, 
respectively. 

U.S. Patent 3,630,904 discloses the pretreatment of a polyalkylene amine with an epoxide to form an 
intermediate which is then reacted with a hydrocarbyl-substituted succinic acid or anhydride to form a 
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lubricating oil dispersant material. Epoxides disclosed as suitable include glycidol. ethyl ether of glycidol. 
amyl ether of glycidol and phenyl glycidol. However, such prereaction of the polyalkylene amine and 
epoxides results in phase-separation, which makes subsequent reactions to form an acceptable oil-soluble 
dispersant difficult. In an alternate process, the patent discloses the reaction of the hydrocarbyi-substituted 
succinic acid or anhydride with a polyamine, followed by reaction of the product with at least one of the 
above epoxides. 

U. S. Patent 4,386,939 relates to compositions useful as detergents and dispersants in lubricants and 
fuels which are prepared by reacting aminophenols and 3- or 4-membered ring heterocyclic compounds. 
Useful heterocyclic compounds are disclosed to include epoxides, episulfides. aziridines, oxetanes, 
thietanes and azetidines. Disclosed as epoxides are ethylene oxide, propylene oxide, the butene oxides, 
epichlorohydrin, glycidol and styrene oxide. 

U. S. Patent 4,492,642 is directed to additives, useful in lubricants and liquid fuels (as friction reducers, 
antioxidants or antiwear corrosivity reducers), which are made by reacting a borating agent with an 
aminated hydrocarbyl epoxide prepared by reacting a hydrocarbyl epoxide with ammonia or an ammonium 
compound (e.g., ammonium hydroxide). 

U. S. Patent 4,579,674 is directed to hydrocarbyl succinimides of a secondary hydroxyl-substituted 
polyamine prepared by first reacting a diamine or polyamine with a glycidyl halide. such as epichlorohydrin, 
to form an intermediate compound characterized by having one or more secondary hydroxyl groups, 
followed by reaction by this intermediate compound with a hydrocarbyi-substituted succinic anhydride. The 
patent requires that the amine chain in the resultant molecule be characterized by having a structural unit 
with a secondary hydroxyl group. The materials are disclosed to be useful as dispersants for lubricating oil 
compositions. 

U. S. Patents 4,617,137 and 4,631.070 is directed to additives useful as dispersants in lubricating oils 
and the like which comprise alkenyl or aryl succinimides which have been modified by treatment with 
glycidol. The alkenyl or alkyl succinimides are first prepared by a reaction of an alkenyl-substituted succinic 
anhydride with a selected polyamine. and the resulting succinimide is then contacted for reaction with 
glycidol. at a glycidol to basic amine nitrogen mole ratio of from about 0.2 to 1 to about 10 to 1 . 



The present invention is directed to an oil-soluble lubricating oil additive comprising at least one 
polymer-substituted epoxy thioester adduct of. 

(A) a polyolefin of 700 to 5,000 number average molecular weight substituted with a carboxylic acid 
or anhydride moiety derived from a monounsaturated carboxylic reactant comprising at least one member 
selected from the group consisting of (i) monounsaturated C 3 to Cio dicarboxylic acid (preferably wherein 
(a) the carboxyl groups are located on adjacent carbon atoms and (b) at least one of said adjacent carbon 
atoms are part of said mono unsaturation); (ii) derivatives of (i) such as anhydrides or Ci to Cs alcohol 
derived mono- or di-esters of (i); (Hi) monounsaturated C* to Cio monocarboxylic acid wherein the carbon- 
carbon double bond is conjugated to the carboxy group; and (iv) derivatives of (iii) such as Ci to C 5 alcohol 
derived monoesters of (iii); and 

(B) a monoepoxy thiol. 

Suitable monoepoxy thiols include compounds of the formula: 



wherein R\ R 2 , R 3 and R 4 are the same or different and are H, hydrocarbyl or SH-substituted hydrocarbyl, 
with the proviso that at least one of the R\ R 2 , R 3 and R 4 groups comprises SH-substituted hydrocarbyl. 

The polymer-substituted epoxy thioester adduct product mixture so formed can then be further 
contacted with (C) a nucieophilic reactant. such as an aliphatic amine, an organic alcohol, or mixtures 
thereof, to form the novel dispersants of this invention. 

The materials of the invention are different from the prior art because of their effectiveness and their 
ability to provide enhanced lubricating oil dispersancy, as exhibited by their enhanced sludge and varnish 
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control properties. 

Therefore, the present invention is also directed to novel processes for preparing the dispersant 
adducts of this invention. It has been observed that the products are formed in high yields without the 
phase separation difficulties which plagued the process of U.S. Patent 3,630,904. 

5 

DETAILED DESCRIPTION OF THE INVENTION 



10 

PREPARATION OF CARBOXYLIC- PRODUCING REACTANT A 

The long chain hydrocarbyl polymer-substituted mono- or dicarboxylic acid material, i.e.. acid, anhy- 
dride or acid ester used in this invention, includes the reaction product of a long chain hydrocarbon 
75 polymer, generally a polyolefin, with a monounsaturated carboxylic reactant comprising at least one 
member selected from the group consisting of ( i ) monounsaturated C 4 to C10 dicarboxylic acid (preferably 
wherein (a) the carboxyl groups are vicinyl. (i.e. located on adjacent carbon atoms) and (b) at least one. 
preferably both, of said adjacent carbon atoms are part of said mono unsaturation); (ii) derivatives of (i) such 
as anhydrides or C, to Cs alcohol derived mono- or di-esters of (i); (iii) monounsaturated C 3 to do 
20 monocarboxylic acid wherein the carbon-carbon double bond is conjugated to the carboxy group, i.e. of the 
structure 
O 
ii 

-C = C- C - ; 

and (iv) derivatives of (iii) such as Ci to C 5 alcohol derived monoesters of (iii). Upon reaction with the 

25 polymer, the monounsaturation of the monounsaturated carboxylic reactant becomes saturated. Thus, for 
example, maieic anhydride becomes a polymer substituted succinic anhydride, and acrylic acid becomes a 
polymer substituted propionic acid. 

Typically, from about 0.7 to about 4.0 (e.g.. 0.8 to 2.6). preferably from about 1.0 to about 2.0, and most 
preferably from about 1.1 to about 1.7 moles of said monounsaturated carboxylic reactant are charged to 

30 the reactor per mole of polymer charged. 

Normally, not all of the polymer reacts with the monounsaturated carboxylic reactant and the reaction 
mixture will contain unfunctionalized polymer. The unfunctionalized polymer is typically not removed from 
the reaction mixture (because such removal is difficult and would be commercially infeasible) and the 
product mixture, stripped of any monounsaturated carboxylic reactant is employed for further reaction with 

35 the amine or alcohol as described hereinafter to make the dispersant. 

Characterization of the average number of moles of monounsaturated carboxylic reactant which have 
reacted per mole of polymer charged to the reaction (whether it has undergone reaction or not) is defined 
herein as functionality. Said functionality is based upon (i) determination of the saponification number of the 
resulting product mixture using potassium hydroxide; and (ii) the number average molecular weight of the 

40 polymer charged, using techniques well known in the art. Functionality is defined solely with reference to 
the resulting product mixture. Although the amount of said unfunctionalized polymer contained in the 
resulting product mixture can be subsequently modified, i.e. increased or decreased by techniques known 
in the art, such modifications do not alter functionality as defined above. The terms "polymer substituted 
monocarboxylic acid material" and "polymer substituted dicarboxylic acid material" as used herein are 

45 intended to refer to the product mixture whether it has undergone such modification or not. 

Accordingly, the functionality of the polymer substituted mono- and dicarboxylic acid material will be 
typically at least about 0.5. preferably at least about 0.7, and most preferably at least about 0.9 and will vary 
typically from about 0.5 to about 2.8 (e.g., 0.6 to 2), preferably from about 0.8 to about 1.4, and most 
preferably from about 0.9 to about 1.3. 

so Exemplary of such monounsaturated carboxylic reactants are fumaric acid, itaconic acid, maieic acid, 
maieic anhydride, chloromaleic acid, chloromalelc anhydride, acrylic acid, methacrylic acid, crotonic acid! 
cinnamic acid, and lower alkyl (e.g.. Ci to C* alkyl) acid esters of the foregoing, e.g., methyl maieate, ethyl 
fumarate, methyl fumarate, etc. 

Preferred olefin polymers for reaction with the monounsaturated carboxylic reactants to form reactant A 

55 are polymers comprising a major molar amount of C 2 to Cio, e.g. C 2 to Cs monoolefin. Such olefins include 
ethylene, propylene, butylene, isobutylene, pentene, octene-1, styrene, etc. The polymers can be homo- 
polymers such as polyisobutylene, as well as copolymers of two or more of such olefins such as 
copolymers of: ethylene and propylene; butylene and isobutylene; propylene and isobutylene; etc. Mixtures 
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of polymers prepared by polymerization of mixtures of isobutylene, butene-1 and butene-2, e.g., 
polyisobutylene wherein up to about 40% of the monomer units are derived from butene-1 and butene-2. is 
an exemplary, and preferred, olefin polymer. Other copolymers include those in which a minor molar 
amount of the copolymer monomers, e.g., 1 to 10 mole %, is a C* to Ci 8 non-conjugated diolefin, e.g.. a 

5 copolymer of isobutylene and butadiene; or a copolymer of ethylene, propylene and 1,4-hexadiene; etc. 

In some cases, the olefin polymer may be completely saturated, for example an ethylene-propylene 
copolymer made by a Ziegler-Natta synthesis using hydrogen as a moderator to control molecular weight. 

The olefin polymers used in the formation of reactant A will generally have number average molecular 
weights within the range of about 700 and about 5,000, preferably from about 900 to 4.000, more preferably 

10 between about 1300 and about 3,000. Particularly useful olefin polymers have number average molecular 
weights within the range of about 1500 and about 3000 with approximately one terminal double bond per 
polymer chain. An especially useful starting material for highly potent dispersant additives useful in 
accordance with this invention is polyisobutylene, wherein up to about 40% of the monomer units are 
derived from butene-1 and/or butene-2. The number average molecular weight for such polymers can be 

is determined by several known techniques. A convenient method for such determination is by gel permeation 
chromatography (GPC) which additionally provides molecular weight distribution information, see W. W. 
Yau. J.J. Kirkland and D.D. Bly, "Modem Size Exclusion Liquid Chromatography". John Wiley and Sons, 
New York, 1979. The olefin polymers will generally have a molecular weight distribution ( ffl"V W n . that is, 
the ratio of the weight average molecular weight to the number average molecular weight) of from about 1.0 

20 to 4.5, and more typically from about 1 .5 to 4.0. 

The polymer can be reacted with the monounsaturated carboxylic reactant by a variety of methods. For 
example, the polymer can be first halogenated. chlorinated or brominated to about 1 to 8 wt. %, preferably 
3 to 7 wt. % chlorine, or bromine, based on the weight of polymer, by passing the chlorine or bromine 
through the polymer at a temperature of 60 to 250 # C, preferably 110 to 160 # C. e.g. 120 to 140 C, for 

25 about 0.5 to 10. preferably 1 to 7 hours. The halogenated polymer may then be reacted with sufficient 
monounsaturated carboxylic reactant at 100 to 250'C, usually about 180* to 235* C, for about 0.5 to 10. 
e.g. 3 to 8 hours, so the product obtained will contain the desired number of moles of the monounsaturated 
carboxylic reactant per mole of the halogenated polymer. Processes of this general type are taught in U.S. 
Patents 3,087,436; 3.172,892; 3.272,746 and others. Alternatively, the polymer and the monounsaturated 

30 carboxylic reactant are mixed and heated while adding chlorine to the hot material. Processes of this type 
are disclosed in U.S. Patents 3.215.707; 3.231.587; 3,912.764; 4.110.349; 4.234,435; and in U.K. 1,440,219. 

Alternately, the polymer and the monounsaturated carboxylic reactant can be contacted at elevated 
temperature to cause a thermal "ene" reaction to take place. Thermal "ene" reactions have been heretofore 
described in U.S. Patents 3,361,673 and 3.401,118, the disclosures of which are hereby incorporated by 

35 reference in their entirety. 

Preferably, the polymers used In this invention contain less than 5 wt%, more preferably less than 2 
wt%, and most preferably less than 1 wt% of a polymer fraction comprising polymer molecules having a 
molecular weight of less than about 300. as determined by high temperature gel permeation chromatog- 
raphy employing the corresponding polymer calibration curve. Such preferred polymers have been found to 
40 permit the preparation of reaction products, particularly when employing maleic anhydride as the unsatu- 
rated acid reactant with decreased sediment. In the event the polymer produced as described above 
contains greater than about 5 wt% of such a low molecular weight polymer fraction, the polymer can be first 
treated by conventional means to remove the low molecular weight fraction to the desired level prior to 
initiating the ene reaction, and preferably prior to contacing the polymer with the selected unsaturated 
carboxylic reactant(s). For example, the polymer can be heated, preferably with inert gas (e.g.. nitrogen) 
stripping, at elevated temperature under a reduced pressure to volatilize the low molecular weight polymer 
components which can then be removed from the heat treatment vessel. The precise temperature, pressure 
and time for such heat treatment can vary widely depending on such factors as as the polymer number 
average molecular weight, the amount of the low molecular weight fraction to be removed, the particular 
monomers employed and other factors. Generally, a temperature of from about 60 to 250 C and a pressure 
of from about 0.1 to 1.0 atmospheres and a time of from about 0.5 to 20 hours (e.g.. 2 to 8 hours) will be 
sufficient 

In this process, the selected polymer and monounsaturated carboxylic reactant and halogen (e.g.. 
clhorine gas), where employed, are contacted for a time and under conditions effective to form the desired 
polymer substituted mono- or dicarboxylic acid material. Generally, the polymer and monounsaturated 
carboxylic reactant will be contacted in a polymer to unsaturated carboxylic reactant mole ratio usually from 
about 1*1 to 1:10. and preferably from about 1:1 to 1:5, at an elevated temperature, generally from about 
120 to 260* C. preferably from about 160 to 240* C. The mole ratio of halogen to monounsaturated 
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carboxyiic reactant charged will also vary and will generally range from about 0.5:1 to 4:1, and more 
typically from about 0.7:1 to 2:1 (e.g., from about 0.9 to 1.4:1). The reaction will be generally carried out, 
with stirring for a time of from about 1 to 20 hours, preferably from about 2 to 6 hours. 

By the use of halogen, about 65 to 95 wt % of the polyolefin, e.g. polyisobutylene will normally react 
5 with the monounsaturated carboxyiic acid reactant Upon carrying out a thermal reaction without the use of 
halogen or a catalyst then usually only about 50 to 75 wt. % of the polyisobutylene will react. Chlorination 
helps increase the reactivity. For convenience, the aforesaid functionality ratios of mono- or dicarboxylic 
acid producing units to polyolefin, e.g.. 1.1 to 1.8. etc. are based upon the total amount of polyolefin. that is. 
the total of both the reacted and unreacted polyolefin. used to make the product 

10 If desired, a catalyst or promoter for reaction of the olefin polymer and monounsaturated carboxyiic 
reactant (whether the olefin polymer and monounsaturated carboxyiic reactant are contacted in the 
presence or absence of halogen (e.g., chlorine)) can be employed in the reaction zone. Such catalyst of 
promoters include alkoxides of Ti, Zr, V and Al, and nickel salts (e.g.. Ni acetoacetonate and Ni iodide) 
which catalysts or promoters will be generally employed in an amount of from about 1 to 5.000 ppm by 

is weight, based on the mass of the reaction medium. 

The reaction is preferably conducted in the substantial absence of 0 2 and water (to avoid competing 
side reactions), and to this end can be conducted in an atmosphere of dry N 2 gas or other gas inert under 
the reaction conditions. The reactants can be charged separately or together as a mixture to the reaction 
zone, and the reaction can be carried out continuously, semi-continuously or batchwise. Although not 

20 generally necessary, the reaction can be carried out in the presence of a liquid diluent or solvent e g a 
hydrocarbon diluent such as mineral lubricating oil, toluene, xylene, dichlorobenzene and the like The 
polymer substituted mono- or dicarboxylic acid material thus formed can be recovered from the liquid 
reaction mixture, e.g., after stripping the reaction mixture, if desired, with an inert gas such as N 2 to remove 
unreacted unsaturated carboxyiic reactant. 

25 The reactant A material will be contacted with the selected reactant B, monoepoxy thiol, for formation of 
the novel oil-soluble polymer-substituted epoxy thioester adducts of this invention, as will be more fullv 
explained below. y 



30 Monoepoxy Thiol Reactant B 

The monoepoxy-thiol reactant employed in the process of this invention comprises at least one 
compound having one epoxy group 
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40 and at least one thiol group (-SH) per molecule. Preferably, each -SH group in such compounds is bonded 
to a carbon atom other than the two carbon atoms which comprise the epoxy group. 

Generally, such reactants will comprise members selected from the group consisting of alicyclic 
monoepoxy compounds of the formula 
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Rl * c ——-c - R' (I) 



wherein R\ R 2 , R3 and R 4 are the same or different and are H, hydrocarbyl or SH-substituted hydrocarbyl 
with the proviso that at least one of the R\ R 2 , R* and R 4 groups comprises SH-substituted hydrocarbyl. R 2 
and R3 can together comprise ring carbon atoms in a cycloalkyl ring having from 5 to 8 carbon atoms, e.g., 
monocyclic monoepoxy compounds of the formula: 
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R 1 - C - C - R 4 
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wherein n is an integer of from 1 to 4. R' and R* are as defined above, and M 1 through M 6 are the same or 
different and are hydrogen, hydrocarbyi or SH-substituted hydrocarbyl, and wherein one or more of M\ M 3 , 
,5 and M s can further comprise -SH, with the proviso that at least one of R\ R\ M 1 , M 2 . M 3 . M\ M 5 . and M 6 
comprise SH-substituted hydrocarbyl. 

When any of R 1 through R* and M 1 through M 6 are hydrocarbyl. the hydrocarbyl group can comprise 
substituted or unsubstituted alkyl. cycloalkyl. alkenyl. alkynyl, cycloalkenyl. Where the foregoing groups are 
substituted, the substituent should be non-hydroxy and may comprise acidic or basic substituent groups 
2 o wherein the acids of the acidic substituent groups are characterized by a pKa of greater than 5 and the 
bases of the the basic substituent groups are characterized by a pKb of greater than 5. 

Illustrative of suitable subsfituents groups on the foregoing hydrocarbyl groups are one or more of the 
following: 
? ° 

25 - CR S . - COR s . aryl. halogen-substituted aryl. nitrile and nitro. wherein R s is H. Ci to Cio hydrocarbyl. or 
hydroxy-substituted Ci to Cio hydrocarbyl (e.g.. alkyl. mono- or di-hydroxy substituted alkyl, etc.). 

When any of R 1 through R 4 and M 1 through M 6 are thiol-substituted hydrocarbyl. the thiol-substituted 
hydrocarbyl can comprise thiol-substituted alkyl. thiol-substituted cycloalkyl. thiol-substituted alkenyl. thiol- 
substituted alkynyl. and thiol-substituted cycloalkenyl. In addition, such thiol-substituted hydrocarbyl groups 
3 o can be additionally substituted by any of the non-hydroxy subsfituents discussed above, such as the above 
discussed keto. carboxy, aryl, halogen-substituted aryl. nitrite, nitro and the like. 

It will be understood that more than 1 (e.g.. from 1 to 4. although generally 1 to 2) of the R\ R 2 . R 3 and 
R 4 groups of the components of formula I (and of the R 1 . R* and M 1 through groups of the compounds 
of formula la) may be thiol-substituted hydrocarbyl. The thiol-substituted hydrocarbyl will generally contain 
35 from 1 to 4. preferably from 1 to 3, and most preferably thiol-group per moiety of the thiol-substituted 
hydrocarbyl. and the monoepoxy-thiol reactant will generally contain from 1 to 4, preferably from 1 to 3. and 
most preferably from 1 to 2 hydroxy groups per molecule. Preferably, the monoepoxy-thiol reactant 
contains at least 1 hydroxy group which is a methylene-bonded hydroxy group, that is, a -CH 2 SH group. 
Where any of R 1 through R* or M 1 through M s are substituted or unsubstituted alkyl. the alkyl group will 
40 generally contain from 1 to 30 carbon atoms, preferably from 1 to 10 carbon atoms. Most preferably such 
alkyl groups are lower alkyl of from 1 to 5 carbon atoms. Illustrative of unsubstituted alkyl groups are 
methyl, ethyl, propyl, isopropyl. n-butyl, iso-butyl. pentyl, hexyl. heptyl. octyl, nonyl. decyl. dodecyl. 
tridecyl tetradecyl. octadecyl. and the like. Illustrative of non-hydroxy substituted alkyl groups are -CH 2 C- 
(O)R 6 '-CH 2 C(0)OR 6 . -C 3 H 6 C(0)R 6 . -C 3 H s C(0)OR s . -C 2 H*C(0)R 6 . -C^CtQOR 6 . -CH 2 Ar, -C 2 H*Ar. 
4s -C8H, 6 C(0)OR e . -C 5 H,oC(0)R 6 . -C 2 H*Ar, and the like. Examples of thiol-substituted hydrocarbyl groups are 
-CH 2 SH. -C2H5SH, -CH 2 CH(SH)CH 2 SH. -CH(SH)CH 2 SH. - C 3 H S SH. -C«H 8 SH. -C 2 H*ArCH 2 SH. -CH 2 C(0)- 
CH 2 SH. -C 9 H 6 CH(CH 2 SH)C(0)R 6 . and the like. 

When any of R 1 through R 4 or M 1 through M 6 comprise cycloalkyl. the cycloalkyl group will generally 
contain from 3 to 30 carbon atoms, preferably from 4 to 12 carbon atoms, and most preferably from 5 to 6 
so carbon atoms. Exemplary of such non-hydroxy substituted cycloalkyl groups are cyclopentyl. cyclohexyl, 
cyclooctyl. cyclodecyl. Ct to C* alkyl-substituted cyclohexyl and the like. Exemplary of such thiol- 
substituted cycloalkyl groups are mercaptothylcyclohexyl. mercaptoethyl cyclopentyl and the like. 

In the above examples. *Ar" comprises phenyl or naphthyl. and R 6 comprises alkyl of 1 to 3 carbons. 
The monoepoxy thiols of formula I therefore include (a) compounds wherein R 1 and R 2 are as defined 
« above and wherein R 3 is hydrogen and R* is hydrocarbyl (e.g.. alkyl of 1 to 6 carbons), and (b) compounds 
wherein R 1 and R 2 are as defined above and both R 3 and R 4 are hydrogen. The latter group of compounds 
comprise terminal epoxy compounds and can be represented by the formula: 
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Rl * ? : C - H (III) 

R 2 H 



wherein R 1 and R 2 are as defined above, and wherein at least i of R' an rf Q2 • . u - , 

7S Illustrative of non-terminal monoepoxy thiols of formula 1 are compounds of the formula: 

Rl " 9 -^C - H (IV) 

R 2 R 3 

c^nofbll 3 ;^ 3 ? defined ab ° Ve * With the hUther provisos R3 is not hydrogen and R 1 and R 2 
cannot both be hydrogen. Exemplary of such compounds are 2 3-oDoxv-3-math«i i h.*Zl««~, 

25 " b Wh n e e n^' ^^^vM-hexanethio,. 3.4-eU Wny.^ !^ 
When compounds of formula II are used, preferably " n" is 1 to 2 Ri R« mi m2 LT If- 

s h u y r 9 c rr a d ,east t ° f m * and ms - ^t^j^ ls: * 9 : M c ; rcTj?£Lsrs 

S2L22T^,r 3 - merca P to " 1eth y | cyclohexene oxide. 4-mercaptomethy. cycohe^ene orf* Tt 
mercaptoethylcyclohexene oxide. 3-mercaptoethyl cyclopentene oxide and the like 

30 The i0 ' S r ^ materia ' S 3011 <*" be prepared ^ conventional methods. 



ic -""T r eaC !° n inVOlVSd Ca " Vary wide,y de P»"di"g on a wide variety of factors For examole 
or^L r P fT" time ^ tempera *"°- Seneral. lower temperature demandV ongeT times n 
^ emP '° y ^ ° f ^ *°« 0 5 to 30 hou ' s " such as 5 * 25 hours, and preXy 3 to iS 

The ratio of the equivalents of polymer substituted mono- and dicarboxylic acid material an* mnn 

- stressed as ^SJl ^ ^ S, 

SSTTy^Sr - T,™ 1 «*" i» derived from a monoJUSS ica^Tx* 

aci d lf r-t? a Tt d ' * 9 '^f 00 ° f re8CtantS A B Can be carried out in the P^sence of an amount of a Lewis 
21?** e ' 9 "- 8 ^ anS ' ti0n m9tal carb0 *y |ate - a,k ^e or halide. such as the lower^anoa /s (To 
55 SL P e T n ? bUtyrat6, isobu * rate « tertbutyrate. pentanoate. and the like). C? to?T£»£S 
(methox.de. ethox.de. propoxide. butoxide. pentoxide. hexoxide. and the like), the chlorides and iS 
of trans.t,on metals such as 2n. Sn. Nl. Ti, A. and Co. Exemplary catalysts « ^^(SJ^TlE 
Uwr^dTr^r^ maniUm «**- Pentanoate. cobalt decanoate and £ 8™ 

Lew.s aad catalysts, rf employed, will be generally used in an amount of from 0.01 to 10 wt.% (prefefaSj 
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75 



20 



25 



30 



35 



from 0.1 to 2 wt.%) of catalyst based on the equivalents of the polymer substituted mono- and dicarboxylic 

^^Tr^nTass containing (A) and (B). following the desired reaction time in a batch process can be 
•rtriooed <eo with an inert gas such as N 2 ) to remove unreacted monoepoxy thiol reactant. Other 
techniques for removal of the monoepoxy thiol include extraction with a lower alkanol. such as methanol or 

eth Tn 0 'an alternative embodiment of the process of this invention, the product mixture containing the 
polymer-substituted epoxy thioester and excess monoepoxy thiol can be contacted with a short chain 
SySroy. substituteS mono- or dicarboxylic acid material, substituted with a Cs to about hydroxy, 
group, and preferably substituted with a hydrocarbyl group containing a total of 12 
Preferably 12 to about 14. and most preferably 12 carbons, which are essentially ahphatic.saturated or 
unsaturated, and include alkenyl and alkyl groups, and can be straight chain or branched. The Preferred 
short chain hydrocarbyl substituted dicarboxylic acid component is a Cs to about C 2t . preferably C, 2 to 
Ci* and most preferably C, 2 alkenyl substituted succinic anhydnde. 

Mono and dicarboxylic acid anhydride materials of the above types and methods for their Production 
are well known. For example, alkenyl substituted dicarboxylic acid anhydride can be made by the reaction 
of the C B to about Ca* alpha-monoolefin. or chlorinated mono-olefin. with maleic anhydride, e.g.. European 
application 82-302326.2. incorporated herein by reference. Hydrogenation can give the corresponding alkyl 

dSn, T?e Ve short chain mono- and dicarboxylic reactants serve to react the remaining monoepoxy thiol and 
thereby reduce or eliminate the need to remove the unreacted monoepoxy thiol pnor to the addition ot the 
nuc.eophi.ic reactant (C). as will be decribed more completely hereinafter. The amount of the -which is 
added can vary widely, and should generally be employed in an amount of from about 0.1 to 0 
equfva.e?ts an? preferably from about 0.5 to 2 equivalents, of the short chain mono- and d.carboxy Uc 
SLctant (based on the acid groups for the monocarboxylic reactant and on the ™W"***™*° n *«" 
the dicaioxylic reactant) per equivalent of unreacted monoepoxy thiol in the ^™™ bMd J*»Z 
mtoester product mixture. The short chain mono- and dicarboxylic reactant and the polymer-substituted 
e^ mioSer should be contacted for a time and under conditions sufficient to effect substantial* 
cSm?lena?tion of the unreacted monoepoxy thiol. General*, any of the temperatures descnbed above 

as useful in the formation of the polymer-substituted epoxy thioester can be employed. 

The reaction of components A and B can be illustrated by the followmg equation, wherem component A 
is a polymer-substituted anhydride (polymer-substituted succinic anhydride) and component B is mon- 
oepoxy monohydric thiol (2.3-epoxy-1-propanethiol): 

O 

R S -CHc£ 

O + HS-CH 2 CH-CH 2 — -7 (Eq. 1) 




40 CH 5 C 

2 \, 



45 ° 

r 5 -chc-s-ch 2 ch" — -ch 2 (V) 

CH,C-OH 




50 



55 



wherein R s is a long chain hydrocarbyl polymer group as discussed above. 

in the event reactant A comprises a dicarboxylic acid, the reaction of Components A and B to form the 
desired adduct can be illustrated by the as following formula: 
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R 5 - CH- COH 



CH 2 -COH 



* «S="2«-CH a _, (Eq . „ 




10 



° O 

R 5 -CH-S.S-CH 2 -CH<1>CH 2 ( vi) 
CH 2 -C-OH 

O 

*e ^tr^TS^^'* 0 "* ^ °* C °«* A and Bto ,o, m 

* S -CH - 

JS I x „ . I \ 



c /° + HS-CHjCH-CH-CHjSH — r (Eq . „ 



75 



20 



CH->- 



30 




R 5 -CH - J-S-CH 2 CH<->cH-CH 2 -S-<!!-CH-r5 _ 

CH 2 -C-OH Hft 0 ' (VII) 

as 2 \\ HO-C-CH 2 

° o 

O OH 

R 5 -CH-C-S-CH 2 -CH-CH 2 SH (VIII) 

CH 2 C-0H 
2 II 



50 



and materials wherein the 2.3 epoxy-1 -propanediol has reacted with, e.g product VI of r« a o««„ /c ov 
above, to yield higher homologues, e.g.. materials of the structural fermuta? ^ 2) 



55 
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10 



O OH O 

R 5 -CH-C-SCH 2 CH-CH 2 -S-CH 2 -CH-CH 2 (IX) 

CH 2 C-OH 
O 

Similary, when the Component A comprises a polymer-substituted monocarboxylic acid (or ester), the 
reaction of Components A and B can be illustrated by the following equations: 

Component: B » monoepoxv monothiol 

O 

_ / \ 
R 5 - CH 2 CH 2 COOH + HSCH 2 CH CH 2 ~^ (Eq. 4) 



30 




75 



20 R 5 - CH 2 CH 2 C(0)-SCH 2 CH — CH 2 (X) 

coBponent B » Bonoepoxv dithlol 

25 _ S°\ 

R 5 - CH 2 CH 2 COOH + HSCH 2 CH — CHCH 2 SH — r (Eq. 5) 




R 5 - CH 2 OI 2 C(0)-SCH 2 CH^~CHCH 2 S--(0)CCH 2 CH 2 -R 5 (XI) 



wherein R 5 is long chain hydrocarbyl polymer group as discussed above. 
35 By-products, comprising epoxide opended adducts corresponding to VIII, can also be present in minor 
amounts in the product mixtures, and can be illustrated by the following structural formula: 

OH 

R 5 • CH 2 CH 2 C(0)-SCH2 C H CH 2 SH (XII) 

Similarly, by-products, comprising epoxide opended adducts corresonding to XI, can be present in minor 
<o amounts in the product mixtures, and can be illustrated by the following structural formula: 

R 5 - CH 2 CH 2 C(0)-SCH 2 CH - CHjS - CH 2 CH - CH 2 (XIII) 

45 

wherein R 5 is long chain hydrocarbyl polymer group as discussed above. 

It is important that the reaction between Components (A) and (B) be carried out in the substantial 
absence of Lewis base (e.g., basic nitrogen-containing compounds, e.g.. primary, secondary, and tertiary 

50 amine compounds and basic inorganic hydroxy compounds, e.g.. alkali metal hydroxides) which are 
capable of catalyzing the ring-opening of the epoxy-group of Component (B) under the conditions of the 
reaction. Preferably, the reaction mixture contains less than about 0.1, and more preferably less than 0.01, 
equivalent of Lewis base per epoxide group equivalent of Reactant B. 

Preferably, the polymer-substituted dicarboxylic acid producing material and monoepoxy thiol will be 

55 contacted for a time and under conditions sufficient to react at least 75% of the anhydride equivalents in 
reactant A, and the polymer-substituted monocarboxylic acid producing material and monoepoxy thiol will 
be contacted for a time and under conditions sufficient to react at least 75% of the acid equivalents in 
reactant A. The progress of this reaction can be followed by infrared analysis to observe the appearance of 
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an thioester carbonyl band. 



Component C 

The polymer-substituted epoxy thioester adducts of this invention, prepared in accordance with the 
reaction process described above, can then be contacted, in a separate step, for reaction with (C) a 
nucleophii.c reactant. e.g.. amines, alcohols, including polyols. amino-aJcohols. etc. to form the novel 
dispersants of this invention. This second reaction step is intended to react wthe epoxy thioester groups 
with the react.ve nucleophilic group to introduce, e.g. nitrogen molecules, ester groups, etc. into the adducts 
for enhanced dispersancy properties. 

Amine compounds useful as nucleophilic reactants for reaction with the hydrocarbyl substituted 
dicarboxylic acid materials include mono- and (preferably) polyamines, of about 2 to 60. preferably 2 to 40 
(e.g. 3 to 20). total carbon atoms and about 1 to 12. preferably 3 to 12. and most preferably 3 to 9 nitrogen 
atoms in the molecule. These amines may be hydrocarbyl amines or may be hydrocarbyl amines including 
other groups, e.g. hydroxy groups, alkoxy groups, amide groups, nitriles. imidazoline groups, and the like 
Hydroxy amines with 1 to 6 hydroxy groups, preferably 1 to 3 hydroxy groups are particularly useful 
Preferred amines are aliphatic saturated amines, including those of the general formulas: 



R-N-R', and 
R" 



R-M-(CH 2 ) 8 —£-H-(CH 2 ) a J N-I 

R' I R"' J R' 



t 

(XVI) (XVII) 



wherein R, R , R and R are independently selected from the group consisting of hydrogen; C, to C 25 
straight or branched chain alkyl radicals; C, to C 12 alkoxy C 2 to C« alkyiene radicals; C a to C 12 hydroxy 
amino alkyiene radicals; and C, to C, 2 alkylamino C* to C e alkyiene radicals; and wherein r"' can 
additionally comprise a moiety of the formula: 



T 



(CH 2 ).' 

R' 



(XVIII) 



wherein R is as defined above, and wherein s and s' can be the same or a different number of from 2 to 6 
preferably 2 to 4; and t and t can be the same or different and are numbers of from 0 to 10. preferably 2 to 
7, and most preferably about 3 to 7. with the proviso that the sum of t and t' is not greater than 15 To 
assure a facile reaction, it is preferred that R. R . r", r", s , s '. t and t' be selected in a manner sufficient to 
provide the compounds of Formulas XVI and XVII with typically at least one primary or secondary amine 
group, preferably at least two primary or secondary amine groups. This can be achieved by selecting at 
teast one of said R, R , R or R groups to be hydrogen or by letting t in Formula XVII be at least one when 
R is H or when the XVIII moiety possesses a secondary amino group. The most preferred amine of the 
above formulas are represented by Formula XVII and contain at least two primary amine groups and at least 
one, and preferably at least three, secondary amine groups. 

Non-limiting examples of suitable amine compounds include: 1 ,2-diaminoethane; 1 ,3-diaminopropane- 
1 ,4-diammobutane; 1 ,6-diaminohexane; polyethylene amines such as diethylene triamine; Methylene 
tetramine; tetraethylene pentamine; polypropylene amines such as 1 ,2-propylene diamine; di-(1 2-pro- 
pylene)triamine; di-(1 ,3-propylene) triamine; N.N-dimethyl-1 ,3-diaminopropane; N,N-di-(2-aminoethyl) eth- 
ylene diamine: N.N-di(2-hydroxyethyl)-1 ,3-propylene diamine; 3-dodecyloxypropylamine; N-dodecyl-1 3- 
propane diamine; tris hydroxymethylaminomethane (THAM); diisopropanol amine: diethanol amine; 
triethanol amine; mono-, di-. and tri-tallow amines; amino morpholines such as N-(3-aminopropyl)- 
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morpholine; and mixtures thereof. 

Other useful amine compounds include: alicyclic diamines such as 1 ,4-di(aminomethyl) cyclohexane, 
and heterocyclic nitrogen compounds such as imidazolines, and N-aminoalkyl piperazines of the general 
formula (XIX): 



JO 



h|nh-(ch 2 ) p1 -- 



-N 



CH 2~ CH 2 



N- 



(CH 2 ) 



P2 J 



n 2 



H 
n 3 



wherein pi and p2 are the same or different and are each integers of from 1 to 4, and ni , n 2 and n3 are the 
*5 same or different and are each integers of from 1 to 3. Non-limiting examples of such amines include 2- 

pentadecyl imidazoline; N-(2-aminoethyl) piperazine; etc. 

Commercial mixtures of amine compounds may advantageously be used. For example, one process for 

preparing alkylene amines involves the reaction of an alkylene dihaiide (such as ethylene dichloride or 

propylene dichloride) with ammonia, which results in a complex mixture of alkylene amines wherein pairs of 
20 nitrogens are joined by alkylene groups, forming such compounds as diethylene triamine, 

triethylenetetramine, tetraethylene pentamine and isomeric piperazines. Low cost poly(ethyleneamines) 

compounds averaging about 5 to 7 nitrogen atoms per molecule are available commercially under trade 

names such as "Polyamine H", "Polyamine 400", "Dow Polyamine E-100", etc. 

Useful amines also include polyoxyalkylene polyamines such as those of the formulae: 
25 NH 2 -alkylene{0-alkylene-) — NH 2 (XX) 

m 

where m has a value of about 3 to 70 and preferably 10 to 35; and 
Hi alkylene < O-alkylene^ — NH 2 ) a (XXI) 

30 where "n" has a value of about 1 to 40 with the provision that the sum of all the n's is from about 3 to about 
70 and preferably from about 6 to about 35, and R is a polyvalent saturated hydrocarbon radical of up to 
ten carbon atoms wherein the number of substituents on the R group is represented by the value of "a", 
which is a number of from 3 to 6. The alkylene groups in either formula (XX) or (XXI) may be straight or 
branched chains containing about 2 to 7, and preferably about 2 to 4 carbon atoms. 

35 The polyoxyalkylene polyamines of formulas (XX) or (XXI) above, preferably polyoxyalkylene diamines 
and polyoxyalkylene triamines, may have average molecular weights ranging from about 200 to about 4000 
and preferably from about 400 to about 2000. The preferred polyoxyalkylene polyoxyalkylene polyamines 
include the polyoxyethyiene and polyoxypropylene diamines and the polyoxypropylene triamines having 
average molecular weights ranging from about 200 to 2000. The polyoxyalkylene polyamines are commer- 

w cially available and may be obtained, for example, from the Jefferson Chemical Company, Inc. under the 
trade name "Jeff amines D-230, D-400, D-1000. D-2000, T-403", etc. 

Additional amines useful in the present invention are described in U.S. Patent 3,445,441, the disclosure 
of which is hereby incorporated by reference in its entirety. 

A particularly useful class of amines are the polyamido and related amines disclosed in co-pending 

45 Serial No. 126,405, filed November 30, 1987, which comprise reaction products of a polyamine and an 
alpha, beta unsaturated compound of the formula: 

D 6 D 7 X 

so D 5 -C»C-C-Y (XXII) 



wherein X is sulfur or oxygen, Y is -OD 8 , -SD 8 , or -ND 8 (D*), and D 5 , D 6 . D 7 . D 8 and D 9 are the same or 
different and are hydrogen or substituted or unsubstituted hydrocarbyl. Any polyamine, whether aliphatic, 
55 cycloaliphatic, aromatic, heterocyclic, etc., can be employed provided it is capable of adding across the 
acrylic double bond and amidifying with for example the carbonyl group (-C(O)-) of the acrylate-type 
compound of formula XXII, or with the thiocarbonyl group (-C(S)-) of the thioacrylate-type ; compound of 
formula XXII. 
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,nert to any component of the reaction mixture under conditions selected for ipJStaTiTSTSS 
am,ne. Such substituent groups include hydroxy, halide (e.g.. CI. Fl, I. Br). -SH and ai^o When Te ar 

cTnttn f ;? 9 9 h n° ^ a,ky1, SUCh alkVl 9r ° UpS Can be Strai 9 ht ° r branch * d <*ains and wZ£££ 
conta.n from 1 to 20. more usually from 1 to 10. and preferably from 1 to 4 carbon atoms Z-KEtZ 
such alky, groups are methy.. ethyl, propyl, butyl, pentyl, hexyl. ^ 0 Z ^lecT^Z: 
tndecy nexadecy,. octedecyl and the like. When one or more of D 9 through D 9 are Ste arj orou 2i 
generally contain from 6 to 10 carbon atoms (e.g.. phenyl naphthyl) 9 P 

20 carbon ^ T^n™ f ^ ^ the alkafy ' 9r0up wi " 9 eneral ^ «** from about 7 to 

20 carbon atoms and preferably from 7 to 12 carbon atoms. Illustrative of such alkaryl groups are tofvl m- 
ethylphenyl. o-ethy Itolyl. and m-hexy.toly.. When one or more of D s through D 9 are aralkyT tne a ™ 

ZZZ^ 9 f ner t y C ° nSiStS ° f Pheny ' ° r (Cl to Cs) Substituted phenol and the ZlconLVnt 
generally contams from 1 to 12 carbon atoms, and preferably from 1 to 6 carbon atoms ExXS of such 

££*S°T ^ iTf* ^'^VL and 4-isobuty.benzyl. When one or more of and D 9 are 
cydoalkyl. the cycloalkyl group will generally contain from 3 to 12 carbon atoms and preferably from a tn I 
carbon atoms. Illustrative of such cyctoalky. groups are cyc.opropyl. cyclobS tSSSSl c^c.oTty? and 

ZSSS?! «r en ° f ^ ° f 05 thr ° U9h ° 9 " h *erocyc.!c. trTfieteSycS gro^era^ 
census of a compound havmg at least one ring of 6 to 12 members in which on or more rina carbo Z! 
■s replaced by oxygen or nitrogen. Examples of such heterocyclic groups are *Tl p?ranvl ovndT 
p«per,dyl, dioxanyl, tetrahydrofuryl. pyrazinyl and 1.4-oxazinyl ^ PV V ' Pyndyl - 

formuS a ' Pha ' ^ ethy,enlCa " y unsat " a ** carboxylate compounds employed herein have the following 

D 5 - C - C - C - OD 8 (XXIII) 

wherein QS D 8 . D', and D 8 are the same or different and are hydrogen or substituted or unsubstituted 
hydrocarby as defined above. Examples of such alpha, beta-ethylenically unsaSted cirboxvS^ Sm 
pounds of formula XXHI are acrylic acid, methacry.ic acid, the methyl, ethyl ^SmS^S^StSZ 
esters of acry.,c and methacrylic acids. 2-butenoic acid. 2-hexenoic acid. 2-deceno^ acS 3-meS 
22S? h T T y '- 2 - butenoic acid - 3-pheny.-2. P ropenoic acid. 3-cyclohexySbuSn'oic acW 1 

methyl-2-butenoic ac.d. 2-propyl-2-propenoic acid. 2-isopropyl-2-hexenoic acid 2 3 dim«Th» 9 k ! 
acid. 3-cyc«ohexy|.2-methy.-2.pent8noic acid. 2-propenoic aad methyl T^^^ISSS^!^ 
propenoate. methy. 2-butenoate. ethyl 2-hexenoate. isopropy, 2^ZoaS^Z^L%TleL% 

xisx^arsr dodecyl «~ c ~ L£S£Z£sz 

foltowtg form'u.a^ ethy,eniCal,y unsaturated carbo ^ ,ate ™»P™nds employed herein have the 

D-C-C-C-SD 8 (XXIV) 

ISHS IT. H 7 '- and ° 8 3re the S3me 0r dif,erent 3,1,1 are n y dr °9 a " or substituted or unsubstituted 
?™, abOVe ' ^P' 68 ° f SUCh a,pha - °eta.ethylenica.ly unsaturated carboSe 
VSZZZZ f °™ *™ ^ metn y ,merca Pto 2-butenoate. ethy.mercapto 2-hexenoate. isoXpZeTcaSo 

2- decenoate. phenylmercapto 2-pentenoate. tertiary butylmercapto 2-propenoate oc adecvlmerTrZ i 
propenoate. dodecylmercapto 2-decenoate. cyclopropylmercapto h^y^^^^Z^l^ 

3- phenyl-2-pro P enoate. methylmercapto 2-propenoate. methylmercapto 2-meWl-2-pro P enca?e ^ a^d tne S e 
ing 3 ethy,9niCa " y UnSatUrat9d c ° m P™ da -miiiJ therein Z "he ^ 
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ND° (D ) (XXV) 



wherein D 5 , D 6 , D 7 , D 8 and D 9 are the same or different and are hydrogen or substituted or unsubstituted 
hydrocarbyl as defined above. Examples of alpha, beta-ethylenically unsaturated carboxyamides of formula 
XXV are 2-butenamide, 2-hexenamide, 2-decenarnide, 3-methyi-2-heptenamide, 3-methyl-2-butenamide, 3- 
phenyl-2-propenamide, 3-cyclohexyl-2-butenamide, 2-methyl-2-butenamide, 2-propyl-2-propenamide. 2- 
isopropyl-2-hexenamide. 2.3-dimethyl-2-butenamide, 3-cyclohexyl-2-methyl-2-pentenamide, N-methyl 2- 
butenarnide, N-methyl 2-butenamtde, N.N-diethyl 2-hexenamide, N-isopropyl 2-decenamide, N-phenyl 2- 
pentenamide, N-tertiary butyl 2-propenamide, N-octadecyl 2-propenamide. N-N-didodecyl 2-decenamide, 
N-cyclopropyl 2,3-dimethyl-2-butenamide, N-methyl 3-phenyl-2-propenamtde, 2-propenamide , 2-methyl-2- 
propenamide, 2-ethyl-2-propenamide and the like. 

The alpha, beta ethylenically unsaturated thiocarboxylate compounds employed herein have the 
following formula: 



wherein D 5 . D 6 , D 7 , D 8 and D 9 are the same or different and are hydrogen or substituted or unsubstituted 
hydrocarbyl as' defined above. Examples of alpha, beta-ethylenically unsaturated thiocarboxylate com- 
pounds of formula XXVI are 2-butenthioic acid, 2-hexenthioic acid. 2-decenthioic acid, 3-methyl-2-hepten- 
thioic acid. 3-methyl-2-butenthioic acid, 3-phenyl-2-propenthioic acid, 3-cyclohexyl-2-butenthioic acid. 2- 
methyl-2-butenthioic acid. 2-propyl-2-propenthioic acid, 2-isopropyl-2-hexenthioic acid, 2,3-dimethyl-2- 
butenthioic acid, 3-cyclohexyl-2-methyl-2-pententhioic acid. 2-propenthioic acid, methyl 2-propenthioate, 
methyl 2-methy I 2-propenthioate. methyl 2-butenthioate, ethyl 2-hexenthioate. isopropyl 2-decenthioate, 
phenyl 2-pententhioate. tertiary butyl 2-propenthioate, octadecyl 2-propenthioate. dodecyl 2-decenthioate. 
cyclopropyl 2 f 3-dimethyl-2-butenthioate, methyl 3-phenyl-2-propenthioate, and the like. 

The alpha, beta ethylenically unsaturated dithioic acid and acid ester compounds employed herein have 
the following formula: 



wherein D 5 , D 6 , D 7 , and D 8 are the same or different and are hydrogen or substituted or unsubstituted 
hydrocarbyl as defined above. Examples of alpha, beta-ethylenically unsaturated dithioic acids and acid 
esters of formula XXVI! are 2-butendithioic acid. 2-hexendithioic acid, 2-decendithioic acid, 3-methyl-2- 
heptendithioic acid, 3-methyl-2-butendithioic acid, 3-phenyl-2-propendithioic acid, 3-cyclohexyl-2-buten- 
dithioic acid, 2-methyl-2-butendithioic acid, 2-propyl-2-propendithioic acid, 2-isopropyl-2-hexendithioic acid, 
2 3-dimethyh2-butendithioic acids 3-cyclohexyl-2-methyl-2-pentendithioic acid. 2-propendithioic acid, methyl 
2-propendithioate, methyl 2-methyl 2-propendithioate. methyl 2-butendithioate. ethyl 2-hexendithioate. 
isopropyl 2-decendithioate, phenyl 2-pentendithioate , tertiary butyl 2-propendithioate. octadecyl 2-propen- 
dithioate, dodecyl 2-decendithioate, cyclopropyl 2.3-dimethyl-2-butendithioate. methyl 3-phenyh2-propen- 
dithioate, and the like. 

The alpha, beta ethylenically unsaturated thiocarboxy amide compounds employed herein have the 
following formula: 



D 6 D 7 S 
el in o 
D 5 - C - C - C - OD* 



(XXVI) 



D 6 D 7 S 



D 5- t « - £ - SD8 



(XXVII) 



D 6 D 7 S 
D 5. t - C - C - ND 8 (D 9 ) (XXVIII) 
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o 



D 7 



O 

'2 " - <5od~ (XXIX) 



CH, - C - &)D 8 



isopropy.. butyl, sec-butyl, tert-butyl. ary? hexyHtc ^n Z ^JES f ° r ^ ampte - metn y'' P^pyl. 
acrylic and methacrylic esters suJh ? J ^y, ^^hJTnr ttTT ?" f m P° un * « 
selected alpha, beta-unsaturated C o mnfl „nH ™™ acr ylate. methyl or ethyl methacrylate. When the 

pound of formula XXII comprises a compound where nX is Llr t^l ,« P betB unsaturate ° «>m- 
polyamine contains thioamide linkaae (-C(S^\Z£ T ? result,na r ***™ product with the 

For convenience, the foZ^ ^£T£^Z?£^^ 

it wi^e understood that such^on * aTa^ — «* 

excess of carboxylated material sho^retor^t 2 ^ P ^ F ° r efficient cross -«"«"g "i 

moiar excess of about 10-10u% * a 2^2 h £ SSiT? ? ^J^ 6 *" ensues - Fo ' •«™P* a 
carboxy.ated material. Larger exceTsci be employed " ~" ° f 3 °- 5 ° % - " the 

■^ssrsr^^ ^3K£±st ^r* tend to produce a more 

amine. It should be noted that the higher me oolvamS- fiT^ f m ° fe cross - |inke ° amldo- 

H 



NH 2 (CH 2 CH 2 N )*H 

has more labile hydrogens than ethylene diamine 

- »+* - H-i-CHj-ia-C- 
"4 



In their 
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herein the D 10, s, which may be the same or different, are hydrogen or a substituted group, such as a 
hydrocarbon group, for example, alkyl, alkenyl, alkynyl, aryl, etc., and A is a moiety of the polyamine which, 
for example, may be aryl, cycloalkyl, alkyl, etc;, and n* is an integer such as 1-10 or greater. 

The above simplified formula represents a linear amido-amine polymer. However, cross-linked polymers 
5 may also be formed by employing certain conditions since the polymer has labile hydrogens which can 
further react with either the unsaturated moiety by adding across the double bond or by amidifying with a 
carboxylate group. 

Preferably, however, the amido-amines employed in this invention are not cross-linked to any substan- 
tial degree, and more preferably are substantially linear. 
10 Preferably, the polyamine reactant contains at least one primary amine (and more preferably from 2 to 
4 primary amines) group per molecule, and the polyamine and the unsaturated reactant of formula XXIX are 
contacted in an amount of from about 1 to 10. more preferably from about 2 to 6, and most preferably from 
about 3 to 5. equivalents of primary amine in the polyamine reactant per mole of the unsaturated reactant of 
formula XXIX. 

75 The reaction between the selected polyamine and acrylate-type compound is carried out at any suitable 
temperature. Temperatures up to the decomposition points of reactants and products can be employed. In 
practice, one generally carries out the reaction by heating the reactants below 100* C. such as 80-90* C, for 
a suitable period of time, such as a few hours. Where an acrylic-type ester is employed, the progress of the 
reaction can be judged by the removal of the alcohol in forming the amide. 

20 During the early part of the reaction alcohol is removed quite readily below 100* C in the case of low 
boiling alcohols such as methanol or ethanol. As the reaction slows, the temperature is raised to push the 
polymerization to completion and the temperature may be raised to 150* C toward the end of the reaction. 
Removal of alcohol is a convenient method of judging the progress and completion of the reaction which is 
generally continued until no more alcohol is evolved. Based on removal of alcohol, the yields are generally 

25 stoichiometric. In more difficult reactions, yields of at least 95% are generally obtained. 

Similarly, it will be understood that the reaction of an ethylenically unsaturated carboxylate thioester of 
formula XXII liberates the corresponding HSD 8 compound (e.g.. H 2 S when D 8 is hydrogen) as a by-product, 
and the reaction of an ethylenically unsaturated carboxyamide formula XXII liberates the corresponding 
HSD 8 compound compound (e.g., ammonia when D 8 and D 9 are each hydrogen) as by-product 

30 The reaction time involved can vary widely depending on a wide variety of factors. For example, there 
is a relationship between time and temperature. In general, lower temperature demands longer times. 
Usually, reaction times of from about 2 to 30 hours, such as 5 to 25 hours, and preferably 3 to 10 hours will 
be employed. 

Although one can employ a solvent, the reaction can be run without the use of any solvent. In fact, 
35 where a high degree of cross-linking is desired, it is preferred to avoid the use of a solvent and most 
particularly to avoid a polar solvent such as water. However, taking into consideration the effect of solvent 
on the reaction, where desired, any suitable solvent can be employed, whether organic or inorganic, polar 
or non-polar. 

As an example of the amido-amine adducts, the reaction of tetraethylene pentaamine (TEPA) with 
40 methyl acrylate can be illustrated as follows: 



45 



H 2 H[CH 2 CH 2 NH]3CH 2 CH 2 NH 2 + CH 2 -CH~C-OCH 3 



O - (CH3OH) 




O 

II 

H 2 N[CH 2 CH 2 NH] 3 CH 2 CH 2 1«CH 2 CH 2 CNHCH 2 CH 2 [NHCHjCHj ] 3 NH 2 

50 

Thus, any polyamine. whether aliphatic, cycloaliphatic, aromatic, heterocyclic, etc., can be employed 
provided it is capable of adding to the epoxy group of the polymer-substituted epoxy thioester to open the 
epoxy ring. 

55 



Preparation of the Dispersant 
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The amine is readily reacted with the selected polymer-substituted epoxy thioester. e.g. the hemi- 
thioester of alkenyl succinic anhydride, by reacting an oil solution containing 5 to 95 wt.% of the polymer- 
substituted epoxy thioester adduct material at about 0 to 175* C, preferably 80 to 120* C generally for 1 to 
1 °: ®f; I to 6 h ° urs unt " m * desired "ng-opened product is obtained. Reaction ratios of polymer- 

5 sub f^ ed epoxy thioester adduct material to equivalents of amine as well as the other nucleophilic 
reactante descnbed herein can vary considerably, depending on the reactants and type of bonds formed 
Generally frorn0.05 to 1.0. preferab.y from about 0.1 to 0.6. e.g., 0.2 to 0.4. equivaleTof epoxide mTiety 
content is used per equivalent of nucleophilic reactant. e.g.. amine. Preferably, the polymer substituted 
mono- or dicarboxyhc acid producing material and amine will be contacted for a time and under conditions 

io sufficient to react substantially all of the primary nitrogens in the amine reactant. The progress ofthfe 
reaction can be followed by infrared analysis. «y<«« ui mis 

The amine-containing dispersants of the present invention can be illustrated by the following structural 
formute. wherem the polymer-substituted epoxy thioester adduct. formed as illustrated in Equation 1 above 

is of SnvenJon?" P**™™ <« ^rrnu.a ™' (herein each R and R are hydrogen) in the process 

O OH 

R 5 -CH-i-S-CH 2 CTCH 2 -HH-(CH 2 ) s XlTO(CH 2 ).J— NH - Y 
CH 2 COH L J t 

0 (XXXZ) 

« wherein R*. s and t are as defined above and wherein Y comprises H or the moiety of the formula: 

-CH 2 CH (OH) CH 2 -S (O) C-CH-R 5 (XXXII) 
30 HO(0)C-CH 2 



wherem R* ,s as defined above. It is to be noted that the product (XXXI) is characterized by secondary- 
am.no groups as a result of the amine-epoxy group reaction. Such secondary amino groups are distin- 
35 KS?J tam SSS POtont t6rtiary nitr ° 9ens of the P roducte formed in ^e process of U.S. Patent 

Similarly, the amine-containing dispersant of this invention, prepared from polymer-substituted mon- 
ocarboxylic epoxy thioester adducts. can be illustrated by the following structural formula, wherein toe 
polymer-substituted epoxy thioester is formed as described above for Eqaution 4. and the resulting product 
40 is reacted with a polyamine for formula XVII above (wherein R and R are each hydrogen)- 



45 



r 5 -ch-c-s-ch 2 ctch 2 -nh-(oi 2 ) s -|1nh(cm 2 ) > ^)-nh - y 

(XXXI) 



J t 



so wherein R*. s and t are as defined above, and wherein Y°' comprises H or the moietv 
-CH 2 CH(OH)CH 2 -S(0)C-CH 2 -RS. (XXXIV) 

An example of the reaction of an amido-amine reactant with a polymer-substituted epoxy thioester 
adduct which can be illustrated as follows, wherein the amido-amine reactant comprises a polyairido-amine 
having two terminal -NH 2 groups: «mne 



55 
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5 "°N 
2 R 5 -CH 2 C(0)S-CH 2 C 



0 1° D 10 
H 2 N-[A-H] n4 -ANH-CZ 1 ] x -CZ 2 ] y C(0) (CH 2 ) 2 NHA-[A-N] n4 NH 2 

OH 

R 5 -CH 2 C(0) S-CH 2 CHCH 2 — — 

M-[A-M] n4 -ANH-CZ 1 ] x -[Z 2 ] y C(0) ( CH 2 ) 2 NHA- [ A-N] ^ -NH-Y ' 



wherein x and y are each integers of from 0 to 10, R 5 is as defined above, Z 1 and Z 2 are moieties of the 
formula (XXXIVa): 

O D 10 



-C(CH 2 ) 2 NH-[A-N] n4 -ANH- 



wherein D 10 , A and n* are as defined above for Formula XXVIII, and Y , comprises H or the moiety: 
OH 

-CH 2 C H CH 2 -S(0)CCH 2 -R5 

wherein R s is as defined above. Preferred are amido-amine reaction products of the above equation 
wherein D 10 is H, and most preferably wherein x and y are each zero, A is -(Chbfe- and Y is the above 
moiety. 

It will be understood that the amine reactant can comprise one or a mixture of any of the above 
described amines, such as a mixture of an amido-amine and a poiyaJkylene polyamine. 

The nitrogen containing dispersants can be further treated by boration as generally taught in U.S. 
Patent Nos. 3.087.936 and 3.254,025 (incorporated herein by reference thereto). This is readily accom- 
plished by treating the selected nitrogen containing dispersant with a boron compound selected from the 
class consisting of boron oxide, boron halides, boron acids and esters of boron acids in an amount to 
provide from about 0.1 atomic proportion of boron for each mole of said nitrogen composition to about 20 
atomic proportions of boron for each atomic proportion of nitrogen of said nitrogen composition. Usefully the 
dispersants of the inventive combination contain from about 0.05 to 2.0 wt %, e.g. 0.05 to 0.7 wt. % boron 
based on the total weight of said borated nitrogen compound. The boron, which appears to be in the 
product as dehydrated boric acid polymers (primarily (HB02)a), is believed to attach to the dispersant as 
amine salts, e.g., the metaborate salt of said amine dispersants. 

Treating is readily carried out by adding from about 0.05 to 4, e.g. 1 to 3 wt. % (based on the weight of 
said nitrogen compound) of said boron compound, preferably boric acid which is most usually added as a 
slurry to said nitrogen compound and heating with stirring at from about 135*C. to 190, e.g. 140-1 70 *C, 
for from 1 to 5 hours followed by nitrogen stripping at said temperature ranges. Or, the boron treatment can 
be carried out by adding boric acid to the hot reaction mixture of the dicarboxylic acid material and amine 
while removing water. 

The polymer-substituted epoxy thioester adducts of this invention may also be reacted with hydroxy 
compounds having at least 6 carbon atoms such as monohydric alcohols (such as aliphatic and 
cycloaliphatic alcohols of at least 6 carbon atoms) and polyhydric alcohols or aromatic compounds such as 
phenols and naphthols, etc. to form ether alcohols. The polyhydric alcohols are the most preferred hydroxy 
compound and preferably contain from 2 to about 10 hydroxy radicals, for example, ethylene glycol, 
diethylene glycol, Methylene glycol, tetraethylene glycol, dipropylene glycol, and other alkylene glycols in 
which the alkylene radical contains from 2 to about 8 carbon atoms. Other useful polyhydric alcohols 
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include glycerol, mono-oleate of glycerol, monostearate of glycerol, monomethyl ether of glycerol, pen- 
taerythrrtol, dipentaerythritol, and mixtures thereof. 

The polymer-substituted epoxy thioester adducts may also be reacted with unsaturated alcohols such 
as allyl alcohol, cinnamyl alcohol, propargyl alcohol, 1 -cyclohexane-3-ol, and oleyl alcohol. Still other 

5 classes of the alcohols capable of yielding the thioesters of this invention comprise the ether-alcohols and 
ammo-alcohols including, for example, the oxy-alkylene, oxy-arylene-. amino-alkylene-. and amino-arylene- 
substituted alcohols having one or more oxy-alkylene, amino-alkylene or amino-aryiene oxy-arylene radi- 
cals. They are exemplified by Cellosolve, Carbitol, N.N.N'.N'-tetrahydroxy trimethylene di-amine, and ether- 
alcohols having up to about 150 oxy-alkylene radicals in which the alkylene radical contains from 1 to about 

io 8 carbon atoms. 

The reaction of the polymer-substituted epoxy thioester adducts with the above cited hydroxy com- 
pounds can take place in the presence of a Lewis base catalyst, such as tertiary amines (e.g., pyridine) 
alkaline metal hydroxides (e.g., sodium hydroxide, potassium hydroxide, and the like), metal alkoxides (e.g., 
the Na. Ti, K, and Al methoxides, ethoxides. propoxides and the like). 
75 The thioester dispersants may be borated. similar to the nitrogen containing dispersants. as described 
above. 

Hydroxyamines which can be reacted with the aforesaid polymer-substituted epoxy thioester adducts of 
this invention to form dispersants include 2-amino-1-butanol, 2-amino-2-methyl-1-propanol, p-(beta-hydrox- 
yethyl)-aniline, 2-amino-1-propanol. 3-amino-1-propanol, 2-amino-2-methyl-1, 3-propane-diol, 2-amino-2- 

20 ethyi-1. 3-propanediol. N-(beta-hydroxy-propyl)-N'-(beta-aminoethyl)-piperazine, tris(hydroxymethyl) amino- 
methane (also known as trismethylolaminomethane), 2-amino-1-butanol, ethanolamine, beta-(beta-hydrox- 
yethoxy) ethylamine, and the like. Mixtures of these or similar amines can also be employed. The above 
description of nucleophilic reactants suitable for reaction with the polymer-substituted epoxy thioester 
adducts of this invention includes amines, alcohols, and compounds of mixed amine and hydroxy containing 

25 reactive functional groups, i.e., amino-alcohols. 

Tris(hydroxymethyl) amino methane (THAM) can be reacted with the aforesaid polymer-substituted 
epoxy thioester adducts of this invention to form amino-alcohol dispersants or amino-ether-alcohol disper- 
sants. 

A preferred group of ashless dispersants of this invention are those derived from (A) polyisobutylene 
30 substituted with succinic anhydride groups, and reacted with (B) 2.3-epoxy-1 -propanediol, to form a 
polymer-substituted epoxy thioester adduct which is then reacted with polyethylene amines, e.g., 
tetraethylene pentamine, pentaethylene hexamine. polyoxyethylene and polyoxypropylene amines, e.g.] 
polyoxypropylene diamine, trismethylolaminomethane and pentaerythritol, and combinations thereof. 

The nitrogen-containing dispersant materials of the instant invention as described above can be post- 
35 treated by contacting said nitrogen-containing dispersant materials with one or more post-treating reagents 
selected from the group consisting of ethyl acetoacetate, carbon disulfide, sulfur, sulfur chlorides, alkenyl 
cyanides, aldehydes, ketones, urea, thio-urea, guanidine, dicyanodiamide, hydrocarby! phosphates, 
hydrocarbyl phosphites, hydrocarbyl thiophosphates, hydrocarbyl thiophosphites, phosphorus sulfides, 
phosphorus oxides, phosphoric acid, hydrocarbyl thiocyanates, hydrocarbyl isocyanates, hydrocarbyl 
40 isothiocyantes, epoxides, episulfides, formaldehyde or formaldehyde-producing compounds plus phenols, 
and sulfur plus phenols, and Ci to C 30 hydrocarbyl substituted succinic acids and anhydrides (e.g., succinic 
anhydride, dodecyl succinic anhydride and the like), fumaric acid, itaconic acid, maleic acid, maleic 
anhydride, chloromaleic acid, chloromaleic anhydride, acrylic acid, methacrylic acid, crotonic acid, cinnamic 
acid, and lower alkyl (e.g., Ci to C 4 alkyl) acid esters of the foregoing, e.g., methyl maleate, ethyl fumarate. 
45 methyl fumarate, and the like. 

Since post-treating processes involving the use of these post-treating reagents is known insofar as 
application to high molecular weight nitrogen containing diseprsants of the prior art. further descriptions of 
these processes herein is unnecessary. In order to apply the prior art processes to the compositions of this 
invention, ail that is necessary is that reaction conditions, ratio of reactants. and the like as described in the 
50 prior art, be applied to the novel compositions of this invention. The following U.S. patents are expressly 
incorporated herein by reference for their disclosure of post-treating processes and post-treating reagents 
applicable to the compositions of this invention: U.S. Pat. Nos. 3,087.936; 3,200,107; 3,254,025; 3,256,185; 
3,278.550; 3,281,428; 3,282,955; 3,284,410; 3.338.832, 3,344,069; 3.366,569; 3,373,111; 3,367,943-! 
3,403.102; 3,428,561; 3,502,677; 3,513,093; 3.533,945; 3,541,012; 3.639.242; 3,708,522; 3,859,318; 
55 3.865.813: 3.470,098; 3,369,021; 3,184,411; 3,185.645; 3,245,908; 3,245,909; 3.245,910; 3,573,205; 
3,692.681; 3,749,695; 3,865,740; 3,954,639; 3,458,530; 3.390.086; 3.367.943; 3,185.704, 3,551 !466; 
3,415,750; 3,312,619; 3,280.034; 3,718,663; 3,652,616; UK Pat No. 1,085,903; UK Pat. No. 1,162.436; U.S 
Pat No. 3,558,743. 
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The nitrogen containing dispersant materials of this invention can also be treated with polymerizable 
lactones (such as epsilon-caprolactone) to form dispersant adducts having the moiety -[CfOKCHakOlmH. 
wherein z is a number of from 4 to 8 (e.g.. 5 to 7) and m has an average value of from about 0 to 100 (e.g.. 
0 2 to 20) The dispersants of this invention can be post-treated with a Cs to Cs lactone. e.g.. epsilon- 
caprolactone. by heating a mixture of the dispersant material and lactone in a reaction vessel in the 
absence of a solvent at a temperature of about 50* C to about 200 C. more preferably from about 75 C to 
about 180* C and most preferably from about 90* C to about 160 C. for a sufficient period of time to effect 
reaction. Optionally, a solvent for the lactone, dispersant material and/or the resulting adduct may be 
employed to control viscosity and/or the reaction rates. 

In one preferred embodiment, the Cs to Cs lactone, e.g.. epsilon-caprolactone. is reacted wrth a 
dispersant material in a 1:1 mole ratio of lactone to dispersant material. In practice, the ration of lactone to 
dispersant material may vary considerably as a means of controlling the length of the sequence of the 
lactone units in the adduct. For example, the mole ratio of the lactone to the dispersant material may vary 
from about 10:1 to about 0.1:1. more preferably from about 5:1 to about 0.2:1. and most preferably from 
about 2-1 to about 0.4:1. It is preferable to maintain the average degree of polymerization of the lactone 
monomer below about 100. with a degree of polymerization on the order of from about 0.2 to about 50 
being preferred, and from about 0.2 to about 20 being more preferred. For optimum dispersant perfor- 
mance sequences of from about 1 to about 5 lactone units in a row are preferred. 

Catalysts useful in the promotion of the lactone-dispersant material reactions are selected from the 
group consisting of stannous octanoate. stannous hexanoate. tetrabutyl titanate. a variety of orgamc based 
acid catalysts and amine catalysts, as described on page 266. and forward, in a book chapter authored by 
RD Lundberg and E. F. Cox. entitled "Kinetics and Mechanisms of Polymerization: Ring Opening 
Polymerization-, edited by Frisch and Reegen. published by Marcel Dekker in 1969. wherein stannous 
octanoate is an especially preferred catalyst. The catalyst is added to the reaction mixture at a concentra- 
tion level of about 50 to about 10.000 parts per weight of catalyst per one million parts of the total reaction 

mixture. . „__, 

The reactions of such lactones with dispersant materials containing nitrogen or ester groups is more 

completely described in copending applications Serial Numbers 916.108; 916.217; 916.218; 916.287; 

916 303; 916,113; and 916.114. all filed on October 7. 1986; and co-pending Serial Number 178.099 filed on 

April 6 1988- the disclosure of each of which is hereby incorporated by reference in its entirety. 

The nitrogen-containing dispersant materials of this invention can also be post-treated by reaction with 

an alkyl acetoacetate or alkyl thioacetate of the formula: 

R a - C - CH 2 - C - X" - R b 
ii ii 

wherein X" is O or S. R b is H or R a . and R a is in each instance in which it appears independently selected 
from the group consisting of substituted and unsubstituted alkyl or aryl (preferably alkyl of 1 to 6 carbon 
atoms. e.g.. methyl, ethyl, etc.) to form an amino compound N-substituted by at least one tautomeric 
substituent of the formula: 

— C CH = C R a 

II I 

O OH 




wherein R 9 is as defined above. 

The reaction is preferably effected at a temperature sufficiently high so as to substantially minimize the 
production of the enaminone and produce, instead, the keto-enol tautomer. Temperatures of at least about 
150*C are preferred to meet this goal although proper choice of temperature depends on many factors, 
including reactants. concentration, reaction solvent choice, etc. Temperatures of from about 120 C to 
220* C preferably from about 150* C to 180* C will generally be used. The reaction of the nitrogen- 
containing dispersant material and the alkyl acetonate and the alkyl thioacetate will liberate the correspond- 
ino HOR*and HSR" by-products, respectively. Preferably, such by-products are substantially removed, as 
by distilttion or stripping with an inert gas (such as N 2 ). prior to use of the thus prepared dispersant adduct. 
Such distillation and stripping steps are conveniently performed at elevated temperature, e.g at the 
selected reaction temperature (for example, at 150 C or higher). A neutral diluent such as mineral oil may 
be used for the reaction. 
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The amount of alkyl aceto-acetate and/or alkyl thioacetate reactants used can vary widely and is 
preferably selected so as to avoid substantia, excesses of these reactants. General* SL TmSJZ are 
STtl i T""?"" n ^ en ^ uiva,a " molar ratio of from about 0.1 to 1:1, and prefer^ly Sm ^ 
as to 1:1. wherem the moles of amine nitrogen-equivalent is the mo.es of secondary ^nitrogens X ££ 

? "ST ? STV nrtr09e " S *• nitro 9 e "-~ntaining dispersant materia. (e7 pSbutenylTu^ 
cimmide) which is thus contacted with the alkylacetonate or alkvl thin^at^ ^, PoiyisoDutenyl sue- 

conducted in the substantia, absence of *Jfi£Z Mineral SSKS as^cTC tTp? 
and toe hke. and sulfonic acids, such as para-to.uene sulfonic acids) to avoid Z^S^S^SSL 
and decrease in yield to the adducts of this invention unaes.red side-reactions 

m a££ is TnZ S £ m TL a Y and thioacetoacetates with nitrogen-containing dispersant 

s^^tss No - 51 - 276 - fiied May ia 1987 - the 

^ k "^ n teChniqU6S 01 emP '° yin9 3 reactive matal io " ' -ST Su ing orlfS r tnt 

^'S^^ coppar - chromium ' man9anese - 



LUBRICATING COMPOSITIONS 

H io ^ briCatin9 oi ' com P° sitions - e -9- automatic transmission fluids, heavy duty oils suitable for gasoline and 
litn IT 68 ' et ? ' Can , be W"" with the additives of the invention. UrtversaT? £ era nS£ o?ls 
wherein the same lubricating oil compositions can be used for both gasoline and diesel enoine !L hf 

w^Sv^ 9 ^"? 1 '" 9 OM f0rmU,ati ° nS COnven « ona «V contain S^cJEiH^S^IlS 
EL2*- f aractensbcs ,hat are *»*"«» * the formulations. Among these ty^es of aSmves are 

ESLZESzEzr- antioxidan,s ' corrosion inhibitors - d — -pe-nts d zr P oint 

In the preparation of lubricating oil formulations it is common practice to introduce the additives in th- 
orn, of 10 to 80 wt. %. e .g. 20 to 80 wt. % active ingredient concentrates ,n ££££ ^ol eg mnJS 
lubncatmg c.l. or other suitable solvent. Usually these concentrates may be diluted wT? "to 00 e a to 

ilS2. by 9 l° f IUbnCatin9 ^ P6r P3rt by W8isht 0f 1,19 additive Package in f^g finish^ 
lubneants. e.g. crankcase motor oils. The purpose of concentrates, of course, is to make the ZdSno of 

venous materials .ess difficult and awkward as well as to facilitate solution or d Z£Z S 'Et22£ 
. T tSi5fSSKT bS USUa " y 8mP,0yed ^ *° f ° rm - « « t * -centrate. 2? "fn 
has ^t aSh,eSS dispersants 1 of tne P fesent inven «on will be generally used in admixture with a lube oil 
Ses merr*" 9 " ° f ' UbriCatin9 inC ' Udin9 n * rt "* S * nthetic Seating o^' 

Natural oils include animal oils and vegetable oils (e.g., castor, lard oil) liquid petroleum oils and 
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hydrorefined. solvent-treated or acid-treated mineral lubricating oils of the paraffinic, naphthenic and mixed 
paraffinic-naphthenic types. Oils of lubricating viscosity derived from coal or shale are also useful base oils. 

Alkylene oxide polymers and interpolymers and derivatives thereof where the terminal hydroxyl groups 
have been modified by esterification, etherification, etc.. constitute another class of known synthetic 
lubricating oils. These are exemplified by polyoxyalkylene polymers prepared by polymerization of ethylene 
oxide or propylene oxide, the alkyl and aryl ethers of these polyoxyalkylene polymers (e.g., methyl-poly 
isopropylene glycol ether having an average molecular weight of 1000, diphenyl ether of poly-ethylene 
glycol having a molecular weight of 500-1000, diethyl ether of polypropylene glycol having a molecular 
weight of 1000-1500); and mono- and polycarboxylic esters thereof, for example, the acetic acid esters, 
mixed C 3 -Cs fatty acid esters and Ci 3 Oxo acid diester of tetraethylene glycol. 

Another suitable class of synthetic lubricating oils comprises the esters of dicarboxylic acids (e.g.. 
phthalic acid, succinic acid, alkyl succinic acids and alkenyl succinic acids, maleic acid, azelaic acid, 
suberic acid, sebasic acid, fumaric acid, adipic acid, linoleic acid dimer, malonic acid, alkylmalonic acids, 
alkenyl malonic acids) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, 2- 
ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol). Specific examples of 
these esters include dibutyl adipate. di(2-ethylhexyl)sebacate. di-n-hexyl fumarate, dioctyl sebacate, diisooc- 
tyl azelate. diisodecyl azelate. dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl 
diester of linoleic acid dimer, and the complex ester formed by reacting one mole of sebacic acid with two 
moles of tetraethylene glycol and two moles of 2-ethylhexanoic acid. 

Esters useful as synthetic oils also include those made from Cs to C12 monocarboxylic acids and 
polyols and polyol ethers such as neopentyl glycol, trimethylolpropane, pentaerythritol, dipentaerythritol and 
tripentaerythritol. 

Silicon-based oils such as the polyalkyl-, polyaryh polyalkoxy-. or polyaryloxysiloxane oils and silicate 
oils comprise another useful class of synthetic lubricants; they include tetraethyl silicate, tetraisopropyl 
silicate, tetra-(2-ethylhexyl)silicate. tetra-(4-methyl-2-ethylhexyl)silicate. tetra-(p-tert-butylphenyl)silicate, 
hexa-(4-methyl-2-pentoxy)disiloxane, poly(methyl)siloxanes and poly(methylphenyl)siloxanes. Other syn- 
thetic lubricating oils include liquid esters of phosphorus-containing acids (e.g., tricresyl phosphate, trioctyl 
phosphate, diethyl ester of decylphosphonic acid) and polymeric tetrahydrofurans. 

Unrefined, refined and rerefined oils can be used in the lubricants of the present invention. Unrefined 
oils are those obtained directly from a natural or synthetic source without further purification treatment. For 
example, a shale oil obtained directly from retorting operations, a petroleum oil obtained directly from 
distillation or ester oil obtained directly from an esterification process and used without further treatment 
would be an unrefined oil. Refined oils are similar to the unrefined oils except they have been further 
treated in one or more purification steps to improve one or more properties. Many such purification 
techniques, such as distillation, solvent extraction, acid or base extraction, filtration and percolation are 
known to those skilled in the art. Rerefined oils are obtained by processes similar to those used to obtain 
refined oils applied to refined oils which have been already used in service. Such rerefined oils are also 
known as reclaimed or reprocessed oils and often are additionally processed by techniques for removal of 
spent additives and oil breakdown products. 

Metal containing rust inhibitors and/or detergents are frequently used with ashless dispersants. Such 
detergents and rust inhibitors include the metal salts of sulphonic acids, alkyl phenols, sulphurized alkyl 
phenols, alkyl salicylates, naphthenates, and other oil soluble mono- and di-carboxylic acids. Highly basic, 
that is overbased metal salts which are frequently used as detergents appear particularly prone to 
interaction with the ashless dispersant. Usually these metal containing rust inhibitors and detergents are 
used in lubricating oil in amounts of about 0.01 to 10, e.g. 0.1 to 5 wt. %. based on the weight of the total 
lubricating composition. Marine diesel lubricating oils typically employ such metal-containing rust inhibitors 
and detergents in amounts of up to about 20 wt.%. 

Highly basic alkaline earth metal sulfonates are frequently used as detergents. They are usually 
produced by heating a mixture comprising an oil-soluble sulfonate or alkaryl sulfonic acid, with an excess of 
alkaline earth metal compound above that required for complete neutralization of any sulfonic acid present 
and thereafter forming a dispersed carbonate complex by reacting the excess metal with carbon dioxide to 
provide the desired overbasing. The sulfonic acids are typically obtained by the sulfonation of alkyl 
substituted aromatic hydrocarbons such as those obtained from the fractionation of petroleum by distillation 
and/or extraction or by the alkylation of aromatic hydrocarbons as for example those obtained by alkylating 
benzene, toluene, xylene, naphthalene, diphenyl and the halogen derivatives such as chlorobenzene, 
chlorotoluene and chloronaphthalene. The alkylation may be carried out in the presence of a catalyst with 
alkylating agents having from about 3 to more than 30 carbon atoms. For example haloparaffins, olefins 
obtained by dehydrogenation of paraffins, polyolefins produced from ethylene, propylene, etc. are all 
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suitable. The alkaryl sulfonates usually contain from about 9 to about 70 or more carbon atoms preferably 
from about 16 to about 50 carbon atoms per alkyl substituted aromatic moiety. 

The alkaline earth metal compounds which may be used in neutralizing these alkaryl sulfonic acids to 
prov.de the sulfonates includes the oxides and hydroxides, alkoxides, carbonates, carboxylate sulfide 
hydrosulfide, nitrate, borates and ethers of magnesium, calcium, and barium. Examples are calcium oxide" 
calcium hydroxide, magnesium acetate and magnesium borate. As noted, the alkaline earth metal com- 
pound .s used in excess of that required to complete neutralization of the alkaryl sulfonic acids. Generally 
the amount ranges from about 100 to 220%, although it is preferred to use at least 125% of the 
stoichiometric amount of metal required for complete neutralization. * ~ 

p a /^ i0 r,=n th no r 0 Pre ^ ar f 0nS ° f b3SiC a,kaMne earth metal a,kar y' sulfonates are known, such as U.S. 
Patents 3.150.088 and 3.150.089 wherein overbasing is accomplished by hydrolysis of an alkoxidt 
carbonate complex with the alkaryl sulfonate in a hydrocarbon solvent-diluent oil 

A preferred alkaline earth sulfonate additive is magnesium alkyl aromatic sulfonate having a total base 
number ranging from about 300 to about 400 with the magnesium sulfonate content ranging from about 25 
to about 32 wt. % based upon the total weight of the additive system dispersed in mineral lubricating oil 

Neutral metal sulfonates are frequently used as rust inhibitors. Polyvalent metal alkyl salicylate and 
naphthenate materials are known additives for lubricating oil compositions to improve their high temperature 
performance and to counteract deposition of carbonaceous matter on pistons (U.S. Patent 2 744 069) An 
increase in reserve basicity of the polyvalent metal alkyl salicylates and naphthenates can be realized by 

u T pLS? ^J?™**™' ? 9 ' f^'* 1 ""' S3ltS ° f mixtures of Cs - C2S a,k y' salicylates and phenates (see 
U S Patent 2.744.069) or polyvalent metal salts of alkyl salicyclic acids, said acids obtained from the 
alkylation of phenols followed by phenation, carboxylation and hydrolysis (U.S. Patent 3 704 315) which 
could then be converted into highly basic salts by techniques generally known and used for such 
convers.on. The reserve basicity of these metal-containing rust inhibitors is usefully at TBN levels of 
between about 60 and 150. Included with the useful polyvalent metal salicylate and naphthenate materials 
are the methylene and sulfur bridged materials which are readily derived from alkyl substituted salicylic or 
naphttjenic acids or mixtures of either or both with alkyl substituted phenols. Basic sulfurized salicylates and 
a method for their preparation is shown in U.S. Patent 3.595.791. Such materials include alkaline earth 
formula 13 V "^a" 68 *"" 1 ' calcium, strontium and barium salts of aromatic acids having the general 

HOOC-ArRi-Xy(ArR,0H)n (XXXV) 

where Ar is an aryl radical of 1 to 6 rings. R, is an alkyl group having from 8 to 50 carbon atoms, preferably 

Inl n T at ° mS ( ° P ? m H y *"* 12)> X * S 3 SU,fur ( - S -> w me * h ytene <-CH 2 -) bridge, y is a number 
from 0 to 4 and n is a number from 0 to 4. 

Preparation of the overbased methylene bridged salicylate-phenate salt is readily carried out bv 
min^Tt t6Chniques su , ch as ^ alk y ,ation of * Phenol followed by phenation. carboxylation. hydrolysis, 
methylene bndging a couplmg agent such as an alkylene dihalide followed by salt formation concurrent with 
ca£onat.on. An overbased calcium salt of a methylene bridged phenol-salicylic acid of the general formula 



2* / OH 

tort-"* co)) 

C 12 H 25 C,,H 



HOOC 



12"25 



with a TBN of 60 to 150 is highly useful in this invention. 

* n J£l S , U>fU ? Ze ? Z eta> phenates cap be considered the 'metal salt of a phenol sulfide" which thus refers 
to a metal salt whether neutral or basic, of a compound typified by the general formula (XXXVII)- 
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4> — — i 

OH \ OH / OH 

n 

10 

where x = 1 or 2. n = ' 0, 1 or 2; or a polymeric form of such a compound, where R is an alkyl radical, n 
and x are each integers from 1 to 4, and the average number of carbon atoms in all of the R groups is at 
least about 9 in order to ensure adequate solubility in oil. The individual R groups may each contain from 5 
to 40, preferably 8 to 20. carbon atoms. The metal salt is prepared by reacting an aikyl phenol sulfide with 
75 a sufficient quantity of metal containing material to impart the desired alkalinity to the sulfurized metal 
phenate. 

Regardless of the manner in which they are prepared, the sulfurized aikyl phenols which are useful 
generally contain from about 2 to about 14% by weight, preferably about 4 to about 12 wt. % sulfur based 
on the weight of sulfurized alkyl phenol. 

20 The sulfurized alkyl phenol may be converted by reaction with a metal containing material including 
oxides, hydroxides and complexes in an amount sufficient to neutralize said phenol and, if desired, to 
overbase the product to a desired alkalinity by procedures well known in the art. Preferred is a process of 
neutralization utilizing a solution of metal in a glycol ether. 

The neutral or normal sulfurized metal phenates are those in which the ratio of metal to phenol nucleus 

25 j s about 1 :2. The "overbased" or "basic" sulfurized metal phenates are sulfurized metal phenates wherein 
the ratio of metal to phenol is greater than that of stoichiometric, e.g. basic sulfurized metal dodecyl 
phenate has a metal content up to and greater than 100% in excess of the metal present in the 
corresponding normal sulfurized metal phenates wherein the excess metal is produced in oil-soluble or 
dispersible form (as by reaction with CO2). 

30 Magnesium and calcium containing additives although beneficial in other respects can increase the 
tendency of the lubricating oil to oxidize. This is especially true of the highly basic sulphonates. 

According to a preferred embodiment the invention therefore provides a crankcase lubricating composi- 
tion also containing from 2 to 8000 parts per million of calcium or magnesium. 

The magnesium and/or calcium is generally present as basic or neutral detergents such as the 

35 sulphonates and phenates, our preferred additives are the neutral or basic magnesium or calcium 
sulphonates. Preferably the oils contain from 500 to 5000 parts per million of calcium or magnesium. Basic 
magnesium and calcium sulphonates are preferred. 

As indicated earlier, a particular advantage of the novel dispersants of the present invention is use with 
V.I improvers to form multi-grade automobile engine lubricating oils. Viscosity modifiers impart high and low 

40 temperature operability to the lubricating oil and permit it to remain relatively viscous at elevated 
temperatures and also exhibit acceptable viscosity or fluidity at low temperatures. Viscosity modifiers are 
generally high molecular weight hydrocarbon polymers including polyesters. The viscosity modifiers may 
also be derivatized to include other properties or functions, such as the addition of dispersancy properties. 
These oil soluble viscosity modifying polymers will generally have number average molecular weights of 

45 from 10 3 to 10 s , preferably 10 4 to 10 6 , e.g.. 20,000 to 250.000, as determined by gel permeation 
chromatography or osmometry. 

Examples of suitable hydrocarbon polymers include homopolymers and copolymers of two or more 
monomers of O2 to C30, e.g. C 2 to C 8 olefins, including both alpha olefins and internal olefins, which may 
be straight or branched, aliphatic, aromatic, alkyl-aromatic, cycloaliphatic, etc. Frequently they will be of 

50 ethylene with C3 to C30 olefins, particularly preferred being the copolymers of ethylene and propylene. 
Other polymers can be used such as polyisobutylenes, homopolymers and copolymers of C6 and higher 
alpha olefins, atactic polypropylene, hydrogenated polymers and copolymers and terpolymers of styrene, 
e.g. with isoprene and/or butadiene and hydrogenated derivatives thereof. The polymer may be degraded in 
molecular weight, for example by mastication, extrusion, oxidation or thermal degradation, and it may be 

55 oxidized and contain oxygen. Also included are derivatized polymers such as post-grafted interpolymers of 
ethylene-propylene with an active monomer such as maleic anhydride which may be further reacted with an 
alcohol, or amine, e.g. an alkylene polyamine or hydroxy amine, e.g. see U.S. Patent Nos. 4.089,794; 
4,160,739; 4,137,185; or copolymers of ethylene and propylene reacted or grafted with nitrogen compounds 
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such as shown in U.S. Patent Nos. 4,068,056; 4,068.058; 4,146,489 and 4,149,984. 

The preferred hydrocarbon polymers are ethylene copolymers containing from 15 to 90 wt % ethylene 
preferably 30 to 80 wt % of ethylene and 10 to 85 wt. %. preferably 20 to 70 wt. % of one or more C 3 to 
C 28 . preferably C 3 to C l8 . more preferably C 3 to Cs, alpha-olefins. While not essential, such copolymers 
preferably have a degree of crystaliinity of less than 25 wt. %. as determined by X-ray and differential 
scanning calorimetry. Copolymers of ethylene and propylene are most preferred. Other alpha-olefins 
suitable in place of propylene to form the copolymer, or to be used in combination with ethylene and 
propylene, to form a terpolymer, tetrapolymer. etc. , include 1-butene. 1-pentene, 1-hexene. 1-heptene. 1- 
octene. 1-nonene, 1-decene, etc.; also branched chain alpha-olefins, such as 4-methy I- 1-pentene, 4-methyl- 
1-hexene. 5-methylpentene-1 , 4, 4-dimethy I- 1-pentene. and 6-methylheptene-1 , etc.. and mixtures thereof. 

Terpolymers, tetrapolymers. etc.. of ethylene, said C 3 - 28 alpha-olefin. and a non-conjugated diolefin or 
mixtures of such diolefins may also be used. The amount of the non-conjugated diolefin generally ranges 
from about 0.5 to 20 mole percent, preferably from about 1 to about 7 mole percent, based on the total 
amount of ethylene and alpha-olefin present. 

The polyester V.I. improvers are generally polymers of esters of ethylenically unsaturated C 3 to C 8 
mono- and dicarboxyiic acids such as methacrylic and acrylic acids, maleic acid, maleic anhydride, fumaric 
acid, etc. 

Examples of unsaturated esters that may be used include those of aliphatic saturated mono alcohols of 
at least 1 carbon atom and preferably of from 12 to 20 carbon atoms, such as decyl acrylate lauryl 
acrylate. stearyl acrylate. eicosanyl acrylate. docosanyl acrylate. decyl methacrylate. diamyl fumarate. lauryl 
methacrylate. cetyl methacrylate. stearyl methacrylate. and the like and mixtures thereof. 

Other esters include the vinyl alcohol esters of C 2 to O22 fatty or mono carboxylic acids, preferably 
saturated such as vinyl acetate, vinyl laurate. vinyl palmitate, vinyl stearate, vinyl ofeate. and the like and 
mixtures thereof. Copolymers of vinyl alcohol esters with unsaturated acid esters such as the copolymer of 
vinyl acetate with dialkyl fumarates. can also be used. 

The esters may be copolymerized with still other unsaturated monomers such as olefins, e.g. 0.2 to 5 
moles of C 2 - C20 aliphatic or aromatic olefin per mole of unsaturated ester, or per mole of unsaturated acid 
or anhydride followed by esterification. For example, copolymers of styrene with maleic anhydride esterified 
with alcohols and amines are known, e.g.. see U.S. Patent 3.702,300. 

Such ester polymers may be grafted with, or the ester copolymerized with, polymerizable unsaturated 
nitrogen-containing monomers to impart dispersancy to the V.I. improvers. Examples of suitable unsaturated 
nitrogen-containing monomers include those containing 4 to 20 carbon atoms such as amino substituted 
olefins as p-(beta-diethylaminoethyl)styrene; basic nitrogen- containing heterocycles carrying a polymeriza- 
ble ethylenically unsaturated substituent. e.g. the vinyl pyridines and the vinyl alkyl pyridines such as 2- 
vinyl-5-ethyl pyridine. 2-methyl-5-vinyl pyridine, 2-vinyl-pyridine. 4-vinylpyridine. 3-vinyl-pyridine, 3-methyl- 
5-vinyl-pyridine, 4-methyl-2-vinyl-pyridine, 4-ethyl-2-vinyl-pyridine and 2-butyl-1-5-vinyl-pyridine and the 
like. 

N-vinyl lactams are also suitable, e.g. N-vinyl pyrrolidones or N-vinyl piperidones. 

The vinyl pyrrolidones are preferred and are exemplified by N-vinyl pyrrolidone. N-(l-methyMnyl) 
pyrrolidone, N-vinyl-5-methyl pyrrolidone, N-vinyl-3. 3-dimethylpyrrolidone. N-vinyl-5-ethyl pyrrolidone, etc. 

Dihydrocarbyl dithiophosphate metaJ salts are frequently used as anti-wear agents and also provide 
antioxidant activity. The zinc salts are most commonly used in lubricating oil in amounts of 0.1 to 10, 
preferably 0.2 to 2 wt. %, based upon the total weight of the lubricating oil composition. They may be 
prepared in accordance with known techniques by first forming a dithiophosphoric acid, usually by reaction 
of an alcohol or a phenol with P 2 S 5 and then neutralizing the dithiophosphoric acid with a suitable zinc 
compound. 

Mixtures of alcohols may be used including mixtures of primary and secondary alcohols, secondary 
generally for imparting improved anti-wear properties, with primary giving improved thermal stability 
properties. Mixtures of the two are particularly useful. In general, any basic or neutral zinc compound could 
be used but the oxides, hydroxides and carbonates are most generally employed. Commercial additives 
frequently contain an excess of zinc due to use of an excess of the basic zinc compound in the 
neutralization reaction. 

The zinc dihydrocarbyl dithiophosphates useful in the present invention are oil soluble salts of 
dihydrocarbyl esters of dithiophosphoric acids and may be represented by the following formula: 
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(XXXVIII) 



wherein R and R' may be the same or different hydrocarbyl radicals containing from 1 to 18. preferably 2 to 
12 carbon atoms and including radicals such as alkyl. alkenyl, aryl, aralkyl. alkaryl and cycle-aliphatic 
radicals. Particularly preferred as R and R groups are alkyl groups of 2 to 8 carbon atoms. Thus, the 
radicals may. for example, be ethyl, n-propyl. i-propyl. n-butyl. i-butyl. sec-butyl, amyl. n-hexyl. i-hexyl. n- 
octyl, decyl. dodecyl. ootadecyl. 2-ethylhexyl. phenyl, butylphenyl. cydohexyl. methylcyclopentyl. propenyl. 
butenyl etc. In order to obtain oil solubility, the total number of carbon atoms (i.e.. R and R in formula 
XXXVIII) in the dithiophosphoric acid will generally be about 5 or greater. 

The antioxidants useful in this invention include oil soluble copper compounds. The copper may be 
blended into the oil as any suitable oil soluble copper compound. By oil soluble we mean the compound is 
oil soluble under normal blending conditions in the oil or additive package. The copper compound may be 
in the cuprous or cupric form. The copper may be in the form of the copper dihydrocarbyl thio- or dithio- 
phosphates wherein copper may be substituted for zinc in the compounds and reactions described above 
although one mole of cuprous or cupric oxide may be reacted with one or two moles of the dithiophosphonc 
acid respectively. Alternatively the copper may be added as the copper salt of a synthetic or natural 
carboxylic acid. Examples include Cio to C, 8 fatty acids such as stearic or palmitic, but unsaturated acids 
such as oleic or branched carboxylic acids such as napthenic acids of molecular weight from 200 to 500 or 
synthetic carboxylic acids are preferred because of the improved handling and solubility properties of the 
resulting copper carboxylates. Also useful are oil soluble copper dithiocarbamates of the general formula 
(RR'NCSS)„Cu. where n is 1 or 2 and R and R are the same or different hydrocarbyl radicals containing 
from 1 to 18 and preferably 2 to 12 carbon atoms and including radicals such as alkyl. alkenyl. aryl. aralkyl. 
alkaryl and cycloaliphatic radicals. Particularly preferred as R and R groups are alkyl groups of 2 to 8 
carbon atoms Thus, the radicals may. for example, be ethyl, n-propyl. i-propyl. n-butyl, i-butyl. sec-butyl, 
amyl n-hexyl. i-hexyl. n-heptyl. n-octyl. decyl. dodecyl. octadecyl. 2-ethylhexyl. phenyl, butylphenyl. 
cydohexyl. methylcyclopentyl, propenyl. butenyl. etc. In order to obtain oil solubility, the total number of 
carbon atoms (i.e, R and R') will generally be about 5 or greater. Copper sulphonates. phenates. and 
acetylacetonates may also be used. . . 

Exemplary of useful copper compounds are copper (Cu 1 and/or Cu") salts of alkenyl succinic acids or 
anhydrides. The salts themselves may be basic, neutral or acidic. They may be formed by reacting (a) any 
of the materials discussed above in the Ashless Dispersant section, which have at least one free carboxylic 
acid (or anhydride) group with (b) a reactive metal compound. Suitable acid (or anhydride) reactive metal 
compounds include those such as cupric or cuprous hydroxides, oxides, acetates, borates, and carbonates 

or basic copper carbonate. 

Examples of the metal salts of this invention are Cu salts of polyisobutenyl succinic anhydride 
(hereinafter referred to as Cu-PIBSA). and Cu salts of polyisobutenyl succinic acid. Preferably, the selected 
metal employed is its divalent form. e.g.. Cu* 2 . The preferred substrates are polyalkenyl succinic acids in 
which the alkenyl group has a molecular weight greater than about 700. The alkenyl group desirably has a 
M„ from about 900 to 1400. and up to 2500. with a M n of about 950 being most preferred. Especially 
preferred of those listed above in the section on Dispersants. is polyisobutylene succinic acid (PIBSA). 
These materials may desirably be dissolved in a solvent, such as a mineral oil. and heated in the presence 
of a water solution (or slurry) of the metal bearing material. Heating may take place between 70 and about 
200 *C Temperatures of 110* to 140* C are entirely adequate. It may be necessary, depending upon the 
salt produced, not to allow the reaction to remain at a temperature above about 140 C for an extended 
□eriod of time. e.g.. longer than 5 hours, or decomposition of the salt may occur. 

The copper antioxidants (e.g.. Cu-PIBSA. Cu-oleate. or mixtures thereof) will be generally employed in 
an amount of from about 50-500 ppm by weight of the metal, in the final lubricating or fuel composition. 

The copper antioxidants used in this invention are inexpensive and are effective at low concentrations 
and therefore do not add substantially to the cost of the product The results obtained are frequently better 
than those obtained with previously used antioxidants, which are expensive and used in higher concentra- 
tions In the amounts employed, the copper compounds do not interfere with the performance of other 
components of the lubricating composition, in many instances, completely satisfactory results are obtained 
when the copper compound is the sole antioxidant in addition to the ZDDP. The copper compounds can be 
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utilized to replace part or all of the need for supplementary antioxidants. Thus, for particularly severe 
conditions rt may be desirable to include a supplementary, conventional antioxidant. How^r the an^oun s 

t^TZ'Z!* " required are sma "- far ,ess than - — " required in ttZZZZ 

While any effective amount of the copper antioxidant can be incorporated into the lubricatino oil 
composition. ,t .s contemplated that such effective amounts be sufficient to provide i^SSSJ 

based on *e weight of the Seating i ^0^^^^ 
3 amongst other factors on the quality of the basestock lubricating oil V P 

Corrosion inhibitors, also known as anti-corrosive agents, reduce the degradation of the metallic carts 
contacted by the lubricating oil composition. Illustrative of corrosion inhibitors are ptospSSuSed 
hydrocarbons and the products obtained by reaction of a phosphosulfurized hydrocarbon wttKn Sne 
earth metal ox.de or hydroxide, preferably in the presence of an alkylated phenol or of a i £££ 
■ th.oester. and also preferably in the presence of carbon dioxide. Phosphosulfurized h^S^SSTS 
prepared by reacting a suitable hydrocarbon such as a terpens, a heavy petroleum fraction ofT ct L C 
olefin polymer such as po.yisobuty.ene. with from 5 to 30 weight perceni of a suSTphosphoru7fo? 12 
to 15 hours, at a temperature in the range of 65* to 315 ' C Neutralization If \°I Z 3Spborus J or 1,2 
hydrocarbon may be effected in the manner\aught in U S. pLnt No T^eS P hos P bos ^"** 

Oxidation inhibitors reduce the tendency of mineral oils to deteriorate in service whirh 
be evidenced by the products of oxidation such as s,udge and varnSk 

and by vscosrty growth. Such oxidation inhibitors include alkaline earth metal salts of^qJCSiE^ 
having preferably C 5 to C, 2 alkyl side chains, calcium nonylpheno. sulfide, barium t^ZZ luSe 
dioc^lphenylamine. phenylalphanaphthy.amine. phosphosulfurized or sulfurized hydr^arSs ete 
as J^rSZI^ ^ PfOPer ,riCti ° n Ch ™ CS t0 ™ oil^mpo^ons such 
-JSCS -^1^^ 3.933.653 which 

of polyisobuteny. succinic anhydride-amino alkano.s; ui^t?4^^52T3SS^.^ 

u.&. patent No. 3,778.375 which discloses reaction products of a phosohonate with an ni^^.Mc 
Patent No 3.852.205 which discloses S-cart»oxy-a.k?.ene hydroca*yl ii^SS^ 
hydrocarbyl succinamic acid and mixtures thereof: U.S Patent No 3 879 308 , IS* X 
alky.) alkenyl-succinamic acids or succinimides U.S. Patent So 3^^^ ^c^* 0 ^ 
products of di-dower alky.) phosphites and epoxides: and ts P^No 4^28258 
alMene oxide adduct of phosphosulfurized N-(hydroxya.kyl) a.keny. succinimid^s^^e^disclasure^bf £ 
™n '%«T* h ! rem incor P° rated b * '°ference. The most preferred friction modme^rg.lTol 
mono and d.oleates. and succinate esters, or metal salts thereof, of hydrocarbyl substituted siSnteSS 
or anhydrides and thiobis alkanols such as described in U.S. Patent No 4 344 853 C ' dS 
Pour point depressants lower the temperature at which the fluid will flow or can be poured Such 
depressants are weH known. Typical of those additives which usefully optimize the l<^empSS 
ofthe flu.d are Cs-C,, dialkylfumarate vinyl acetate copolymers. polymethacry.ates. a^TSilS? 

, 11 ,h 0 I! a I! i( ; , ° i| - S ?,| Ub,e com P° u "ds useful as rust inhibitors in this invention comprise nonionic surfactants 
%T°7 PO,y ° IS and eSterS there ° f ' and anionic surfactants such as salts S2k5tS£ 

2 a 80 T f° mP ° UndS ^ kn0W " and Ca " be made ** conventional means. Nonioni ^ surfac Inte 
? USt 8dd,t,VeS the 0,ea 9 inous compositions of this invention, usually owe their suScS 
properties to a number of weak stabi.izing groups such as ether linkages. NonLTant^uJ aoente 
I TTZ? 6 T nka "l Can b8 m3de by a, ^y' a «"9 o^anic substrates containing active hyd^genYS 

flra IJ a Prefer ';f rust i i " hibi tora are PolyoxyaJkylene polyols and derivatives thereof. This class of materials 

SSSrr. Vx ■ . rom eth y ,ene oxide «™» Propylene oxide available from Dow 

Chemical Co ; and Terg,tol. dodecylphenyl or monophenyl polyethylene glycol ethers and JcoT col* 
xylene glycols and derivatives, both available from Union Carbide Corp^hese are S? a few « tte 
commercial products suitable as rust inhibitors in the improved composition of the present invention 
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In addition to the polyols per se, the esters thereof obtained by reacting the polyols with various 
carboxyiic acids are also suitable. Acids useful in preparing these esters are laurtc acid, stearic acid, 
succinic acid, and alkyl- or alkenyl-substituted succinic acids wherein the alkyl-or alkenyl group contains up 
to about twenty carbon atoms. The preferred polyols are prepared as block polymers. Thus, a hydroxy- 

s substituted compound, R-(OH)n (wherein n is to 6. and R is the residue of a mono- or polyhydric alcohol, 
phenol, naphthol, etc.) is reacted with propylene oxide to form a hydrophobic base. This base is then 
reacted with ethylene oxide to provide a hydrophylic portion resulting in a molecule having both hydropho- 
bic and hydrophylic portions. The relative sizes of these portions can be adjusted by regulating the ratio of 
reactants, time of reaction, etc., as is obvious to those skilled in the art. Thus it is within the skill of the art 

ro to prepare polyols whose molecules are characterized by hydrophobic and hydrophylic moieties which are 
present in a ratio rendering rust inhibitors suitable for use in any lubricant composition regardless of 
differences in the base oils and the presence of other additives. 

If more oil-solubility is needed in a given lubricating composition, the hydrophobic portion can be 
increased and/or the hydrophylic portion decreased. If greater oii-in-water emulsion breaking ability is 

75 required, the hydrophylic and/or hydrophobic portions can be adjusted to accomplish this. 

Compounds illustrative of R-(OH)n include alkylene polyols such as the alkylene glycols, alkylene triols, 
alkylene tetrols, etc., such as ethylene glycol, propylene glycol, glycerol, pentaerythritol, sorbitol, mannitol, 
and the like. Aromatic hydroxy compounds such as alkylated mono- and polyhydric phenols and naphthols 
can also be used, e.g., heptylphenol, dodecylphenot, etc. 

20 Other suitable demulsifiers include the esters disclosed in U.S. Patents 3,098,827 and 2,674,619. 

The liquid polyols available from Wyandotte Chemical Co. under the name Pluronic Polyols and other 
similar polyols are particularly well suited as rust inhibitors. These Pluronic Polyols correspond to the 
formula: 

HO-(CH 2 0H 2 O) x ( C H C H 2 0)y(CH2CH 2 0) z H (XXXIX) 
25 CH 3 

wherein x.y, and z are integers greater than 1 such that the -CH 2 CH 2 0- groups comprise from about 10% 
to about 40% by weight of the total molecular weight of the glycol, the average molecule weight of said 
glycol being from about 1000 to about 5000. These products are prepared by first condensing propylene 
oxide with propylene glycol to produce the hydrophobic base 
30 HO(- CH-CH 2 -0) y -H (XVIII) 
CH 3 

This condensation product is then treated with ethylene oxide to add hydrophylic portions to both ends of 
the molecule. For best results, the ethylene oxide units should comprise from about 10 to about 40% by 
weight of the molecule. Those products wherein the molecular weight of the polyol is from about 2500 to 

35 4500 and the ethylene oxide units comprise from about 10% to about 15% by weight of the molecule are 
particularly suitable. The polyols having a molecular weight of about 4000 with about 10% attributable to 
(CH 2 CH 2 0) units are particularly good. Also useful are alkoxyiated fatty amines, amides, alcohols and the 
like, including such alkoxyiated fatty acid derivatives treated with Cs to Cte alkyl-substituted phenols (such 
as the mono- and di-heptyl, octyl, nonyl, decyl, undecyi, dodecyl and tridecyl phenols), as described in U.S. 

40 Patent 3,849,501, which is also hereby incorporated by reference in its entirety. 

These compositions of our invention may also contain other additives such as those previously 
described, and other metal containing additives, for example, those containing barium and sodium. 

The lubricating composition of the present invention may also include copper lead bearing corrosion 
inhibitors. Typically such compounds are the thiadiazole polysulphides containing from 5 to 50 carbon 

45 atoms, their derivatives and polymers thereof. Preferred materials are the derivatives of 1,3,4-thiadiazoles 
such as those described in U.S. Patents 2,719,125; 2,719,126; and 3,087,932; especially preferred is the 
compound 2,5 bis (t-octadithio)-l ,3,4-thiadiazole commercially available as Amoco 150. Other similar 
materials also suitable are described in U.S. Patents 3,821,236; 3,904,537; 4,097,387; 4,107,059; 4,136,043; 
4,188.299; and 4,193,882. 

so Other suitable additives are the thio and polythio sulphenamides of thiadlazoles such as those 
described in U.K. Patent Specification 1,560330. When these compounds are included in the lubricating 
composition, we prefer that they be present in an amount from 0.01 to 10, preferably 0.1 to 5.0 weight 
percent based on the weight of the composition. 

Some of these numerous additives can provide a multiplicity of effects, e.g. a dispersant-oxidation 
55 inhibitor. This approach is well known and need not be further elaborated herein. 

Compositions when containing these conventional additives are typically blended into the base oil in 
amounts effective to provide their normal attendant function. Representative effective amounts of such 
additives (as the respective active ingredients) in the fully formulated oil are illustrated as follows: 
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When other additives are employed, it may be desirable, although not necessary, to prepare additive 
concentrates comprising concentrated solutions or dispersions of the novel dispersants of this invention (in 
concentrate amounts hereinabove described), together with one or more of said other additives (said 

20 concentrate when constituting an additive mixture being referred to herein as an additive-package) whereby 
several additives can be added simultaneously to the base oil to form the lubricating oil composition. 
Dissolution of the additive concentrate into the lubricating oil may be facilitated by solvents and by mixing 
accompanied with mild heating, but this is not essential. The concentrate or additive-package will typically 
be formulated to contain the additives in proper amounts to provide the desired concentration in the final 

25 formulation when the additive-package is combined with a predetermined amount of base lubricant. Thus, 
the dispersants of the present invention can be added to small amounts of base oil or other compatible 
solvents along with other desirable additives to form additive-packages containing active ingredients in 
collective amounts of typically from about 2.5 to about 90%, and preferably from about 15 to about 75%, 
and most preferably from about 25 to about 60% by weight additives in the appropriate proportions with the 

30 remainder being base oil. 

The final formulations may employ typically about 10 wt. % of the additive-package with the remainder 
being base oil. 

All of said weight percents expressed herein (unless otherwise indicated) are based on active ingredient 
(A.I.) content of the additive, and/or upon the total weight of any additive-package, or formulation which will 
35 be the sum of the A.I. weight of each additive plus the weight of total oil or diluent. 

This invention will be further understood by reference to the following examples, wherein all parts are 
parts by weight, unless otherwise noted and which include preferred embodiments of the invention. 



40 Preparation of Polyisobutylene Succinic Anhydride 



EXAMPLE 1 

45 A polyisobutenyl succinic anhydride (PIBSA) having a succinic anhydride (SA):PIB ratio of about 1 .1 is 
prepared by heating a mixture of 100 parts of polyisobutylene (PIB) (about 2000 M~„; WV W n ~ 2.5) with 
6.1 parts of maleic anhydride to a temperature of about 220 *C. When the temperature reaches 120* C, the 
chlorine addition is begun and 5.1 parts of chlorine at a constant rate are added to the hot mixture for about 
5.5 hours. The reaction mixture is then heat soaked at 220 * C. for about 1 .5 hours and then stripped with 

so nitrogen for about one hour. The resulting polyisobutenyl succinic anhydride has an ASTM Saponification 
Number of 54, and a kinematic viscosity (100* C) of 4000 cSt. The PIBSA product is 80 wt. % active 
ingredient (A.I.), the remainder being primarily unfunctionalized PIB. 



55 Preparation of Dispersants 

A series of dispersants are prepared by reacting the PIBSA prepared in Example 1 above. 
The amination reactions are carried out as follows: 

30 
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COMPARATIVE EXAMPLE 2 - Preparation of PIBSA-PAM 

A mixture of 100 parts of the PIBSA starting material of Example 1, and 60 parts of mineral oil is heated 
to 150*C. Then 5 parts of a commercially available polyalkylene polyamine comprising a polyethylene 
5 polyamine (having an average of about 6 nitrogen atoms and an average of about 10 carbon atoms per 
molecule) are added dropwise while stirring. The mixture is nitrogen stripped at 150*C for 1 hour and then 
filtered to provide the polyisobutenyl succinimide product (PIBSA-PAM). The oil solution is found to contain 
1 wt.% nitrogen and to have a viscosity of 700 cSt. at 1 00 * C. 

COMPARATIVE EXAMPLE 3 - Preparation of Thiol-Modified PIBSA-PAM 

A 300 parts portion of the PIBSA-PAM product of Comparative Example 2 and 2.4 parts of 2,3-epoxy-1- 
propanethiol are admixed and heated to 140* C for 5 hours, with continuous stirring under an air-cooled 
75 condenser. The condenser is then removed and the product sparged with N2 for 1 hr. at 160* C and filtered. 
The resulting oil solution has a viscosity of 850 cSt at 100* C. 



EXAMPLE 4 - Preparation of PIBSA-Thiol-Polyamine Adduct 

20 ^ ~~ ~ ~ 

A. 100 parts of the PIBSA product prepared in Example 1, 60 parts of oil and 3. 6 parts of 2,3-epoxy-l- 
propanethioi are reacted at 80* C for 4 1/2 hours with stirring and then for 7 1/2 hours at 120* C. Thereafter, 
the reaction mass is heated to 150*C and stripped with N2 for 1/2 hour. The resulting product solution 
containing the PIBSA-2,3-epoxy-l -propanediol hemi-thioester is cooled to 120* C, and 5 parts of the same 

25 alkylene polyamine as used in Comparative Example 2 is added. After 1/2 hour at 120* C. the mixture is N 2 
stripped at 150*C for 1/2 hour and then filtered. The resulting oil solution is found to contain the desired 
PIBSA-2,3-epoxy-1-propanethiol-PAM adduct and to have a viscosity of 1070 cSt at 100* C. 



30 EXAMPLE 5 - Preparation of PIBSA-Thiot-Polyamine Adduct 

The procedure of Example 4 was repeated except that the PIBSA/2,3-epoxy-l -propanediol mixture is 
reacted at 80* C for only 3 hours (with stirring) before increasing the temperature to 120* C. and 2.5 parts of 
2,3-epoxy-1 -propanediol is used instead of the 3.6 parts of Example 4. 

35 The following lubricating oil compositions are prepared using the dispersants of Examples 4-5, and 
Comparative Examples 2-3. The resulting compositions are then tested for sludge inhibition (via the SIB 
test) and varnish inhibition (via the VIB test), as described below. 

The SIB test has been found, after a large number of evaluations, to be an excellent test for assessing 
the dispersing power of lubricating oil dispersant additives. 

40 The medium chosen for the SIB test is a used crankcase mineral lubricating oil composition having an 
original viscosity of about 325 SUS at 38 "C that has been used in a taxicab that was driven generally for 
short trips only, thereby causing a buildup of a high concentration of sludge precursors. The oil that is used 
contains only a refined base mineral lubricating oil, a viscosity index improver, a pour point depressant and 
zinc dialkyldithiophosphate anti-wear additive. The oil contains no sludge dispersant. A quantity of such 

45 used oil is acquired by draining and refilling the taxicab crankcase at 1000-2000 mile intervals. 

The SIB test is conducted in the following manner: the aforesaid used crankcase oil, which is milky 
brown in color, is freed of sludge by centrifuging for one hour at about 39,000 gravities (gs.). The resulting 
clear bright red supernatant oil is then decanted from the insoluble sludge particles thereby separated out. 
However, the supernatant oil still contains oil-soluble sludge precursors which on heating under the 

50 conditions employed by this test will tend to form additional oil-insoluble deposits of sludge. The sludge 
inhibiting properties of the additives being tested are determined by adding to portions of the supernatant 
used oil, a small amount such as 0.5, 1 or 2 weight percent, of the particular additive being tested. Ten 
grams of each blend being tested are placed in a stainless steel centrifuge tube and are heated at 135* C 
for 16 hours in the presence of air. Following the heating, the tube containing the oil being tested is cooled 

55 and then centrifuged for about 30 minutes at room temperature at about 39,000 gs. Any deposits of new 
sludge that form in this step are separated from the oil by decanting the supernatant oil and then carefully 
washing the sludge deposits with 25 ml of heptane to remove all remaining oil from the sludge and further 
centrifuging. The weight of the new solid sludge that has been formed in the test, in milligrams, is 

31 
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determined by drying the residue and weighing it The results are reported as amount of precipitated sludge 
in comparison with the precipitated sludge of a blank not containing any additional additive, which blank is 
normalized to a rating of 10. The less new sludge precipitated in the presence of the additive, the lower the 
SIB value and the more effective is the additive as a sludge dispersant. In other words, if the additive gives 
s half as much precipitated sludge as the blank, then it would be rated 5.0 since the blank will be normalized 
to 10. 

The VIB test is used to determine varnish inhibition. Here, each test sample consists of 10 grams of 
lubricating oil containing a small amount of the additive being tested. The test oil to which the additive is 
admixed is of the same type^as used in the above-described SIB test. Each ten gram sample is heat 

70 soaked overnight at about 140*C and is thereafter centrifuged to remove the sludge. The supernatant fluid 
of each sample is subjected to heat cycling from about 150*C to room temperature over a period of 3.5 
hours at a frequency of about 2 cycles per minute. During the heating phase, gas which is a mixture of 
about 0.7 volume percent S0 2 . 1.4 volume percent NO and balance air is bubbled through the test 
samples. During the cooling phase, water vapor is bubbled through the test samples. At the end of the test 

is period, which testing cycle can be repeated as necessary to determine the inhibiting effect of any additive, 
the wall surfaces of the test flasks in which the samples were contained are visually evaluated as to the 
varnish inhibition. The amount of varnish imposed on the walls is rated to values of from 1 to 1 1 with the 
higher number being the greater amount of varnish, in comparison with a blank with no additive that was 
rated 1 1 . 

20 10.00 grams of SIB test oil were mixed with 0.05 grams of the products of the Examples as described 
in Table II and tested in the aforedescribed SIB and VIB tests. 

The test results are summarized below in Table I. The compounds of this invention. Examples 4 and 5, 
clearly show superior sludge and varnish handling characteristics relative to the PIBSA-PAM dispersant 
(Runs 1-2) and the PIBSA-PAM dispersant subsequently modified with monoepoxy thiol (Runs 3-4). 

25 

TABLE I 



30 


Run No. 


Dispersant as 
Prepared in Example 
No. 


Dispersant 


EPPTHIOL:basic 
N(1) 


Wt. (g.) 


SIB 


VIB 


35 


1 
2 
3 
4 
5 
6 
7 
8 


Comparative Ex. 2 
Comparative Ex. 2 
Comparative Ex. 3 
Comparative Ex. 3 
Example 4 
Example 4 
Example 5 
Example 5 


PIBSA-PAM 

PIBSA-PAM 

PIBSA-PAM-EPPTHIOL 

PIBSA-PAM-EPPTHIOL 

PIBSA-EPPTHIOL-PAM 

PIBSA-EPPTHIOL-PAM 

PIBSA-EPPTHIOL-PAM 

PIBSA-EPPTHIOL-PAM 


0 
0 

0.22 
0.22 
0.37 
0.37 
0.26 
0.26 


0.03 
0.04 
0.03 
0.04 
0.03 
0.04 
0.03 
0.04 


5.65 
3.67 
5.38 
3.94 
4.94 
3.23 
5.19 
2.34 


7 
6 
6 
5 
6 
4 
5 
4 


40 


NOTES: 















(1) Equivalents EPPTHIOL reacted per equivalent of basic N charged. 

(2) EPPTHIOL » 2,3-epoxy-1-propanethiol. 



45 

The principles, preferred embodiments, and modes of operation of the present invention have been 
described in the foregoing specification. The invention which is intended to be protected herein, however, is 
not to be construed as limited to the particular forms disclosed, since these are to be regarded as 
cQ illustrative rather than restrictive. Variations and changes may be made by those skilled in the art without 
departing from the spirit of the invention. 



Claims 

1. An oil soluble adduct useful as an oil additive to oleaginous fluids comprising a polymer-substituted 
epoxy thioester adduct of: 

(A) a long chain hydrocarbyl polymer substituted with at least one of C* to Cio monounsaturated 
dicarboxylic acid producing moieties and C 3 to Cio monounsaturated monocarboxylic acid producing 
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moieties, said substituted polymer formed by reacting an olefin polymer of C2 to C10 monoolefin having a 
number average molecular weight of 700 to 5,000 and a monounsaturated carboxylic reactant comprising at 
least one member selected from the group consisting of (i) monounsaturated C4 to C1 0 dicarboxylic acids; 
Oi) anhydride and Ci to Cs alcohol derived mono- or di-ester derivatives of (i); (Hi) monounsaturated C* to 
C10 monocarboxylic acids wherein the carbon-carbon double bond is conjugated to the carboxy group; and 
(iv) Ct to Cs alcohol derived monoester derivatives of (iii); and 
(B) a monoepoxy thiol. 

2. The adduct according to claim 1 wherein the monoepoxy thiol comprises at least one compound of 
the formula 




wherein R\ R 2 , R 3 and R 4 are the same or different and are H, hydrocarbyl or thiol-substituted hydrocarbyl, 
with the proviso that at least one of the R\ R 2 , R 3 and R 4 groups comprises thiol-substituted hydrocarbyl. 

3. The adduct according to claim 2 wherein R 1 and R 3 are each hydrogen and at least one of R 2 and R 4 
is thiolalkyi of from 1 to 30 carbon atoms. 

4. The adduct according to claim 3 wherein at least one of R 2 and R 4 is thiolalkyi of from 1 to 10 
carbon atoms. 

5. The adduct according to claim 4 wherein said thiolalkyi group is -CH 2 SH. 

6. The adduct according to claim 2 wherein R 4 is hydrogen. 

7. The adduct according to claim 1 wherein the monoepoxy thiol comprises at least one compound of 
the formula 



O 

Rl - C^-^C - R 4 

M2 (C)J M6 

M4 



wherein n is an integer of from 1 to 4. R\ R 4 , M 1 M 2 , M 3 , M 4 , M 5 and M 6 are the same or different and are 
H, hydrocarbyl or thiol-substituted hydrocarbyl, and wherein one or more of M\ M 3 and M s can further 
comprise -SH, with the proviso that at least one of R\ R 4 . M\ M 2 , M 3 , M 4 , M s and M 6 comprises thiol- 
substituted hydrocarbyl. 

8. The adduct according to claim 7 wherein R\ R\ M\ M 2 , M 3 and M 5 are each hydrogen and at least 
one of M 4 and M 6 are thiol-substituted lower alkyl. 

9. The adduct according to claim 8 wherein n is an integer of 1 or 2 and at least one of M 4 and M 6 are 
thiol-substituted alkyl of from 1 to 4 carbon atoms. 

10. The adduct according to claim 9 wherein at least one of M 4 and M fi is -CH2SH. 

11. The adduct according to any one of claims 1 to 10 wherein said olefin polymer comprises a 
polymer of a C2 to Cs monoolefin. 

12. The adduct according to any of claims 1 to 11 wherein said hydrocarbyl substituted C4 to Cto 
monounsaturated dicarboxylic acid producing material comprises a polymer of 1300 to 3000 number 
average molecular weight substituted with succinic anhydride moieties, said polymer comprising 
polyisobutylene containing up to about 40% of monomer units derived from butene-1 and/or butene-2. 

13. The adduct according to claim 12 wherein said acid producing material contains from 1.0 to 1.8 
dicarboxylic acid producing moieties per molecule of said olefin polymer present in the reaction mixture 
used to form said acid producing material. 

1 4. The adduct according to claim 1 3 wherein the C* to C1 0 monounsaturated acid material comprises 
maleic anhydride. 
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15. The adduct according to claim 11 wherein said olefin polymer comprises polyisobutylene containing 
up to 40% of monomer units derived from butene-1 anchor butene-2. 

16. An oil soluble dispersant adduct useful as a lubricating oil dispersant prepared by a process which 
comprises: 

(a) contacting (i) a long chain hydrocarbyl polymer-substituted C* to C10 dicarboxylic acid producing 
material formed by reacting an olefin polymer of Ch to Co monoolefin having a number average molecular 
weight of 700 to 5.000 and a C* to C10 monounsaturated acid material, said acid producing material having 
an average of at least about 0.7 dicarboxylic acid producing moieties, per molecule of said olefin polymer 
present in the reaction mixture used to form said acid producing material; and (ii) a monoepoxy thiol, for a 
time and under conditions sufficient to form a first adduct monoepoxy hemi-thioester of said dicarboxylic 
acid producing material, and 

(b) contacting said first adduct with at least one nucleophilic reagent selected from the group 
consisting of amines, alcohols and mixture thereof, for a time and under conditions sufficient to form said 
dispersant adduct. 

17. The dispersant adduct according to claim 16 wherein said monoepoxy thiol comprises at least one 
member selected from the group consisting of: 

(a) alicyclic monoepoxy compounds of the formula 



R l - c - R4 




wherein R 1 , R 2 , R 3 and R 4 are the same or different and are H. hydrocarbyl or thiol-substituted hydrocarbyl 
with the proviso that at least one of the R\ R 2 . R 3 and R 4 groups comprises thiol-substituted hydrocarbyl! 
and 

(b) monocyclic monoepoxy compounds of the formula 

O 

Rl - C - N C - R4 
M \ / \ 



wherein R 1 and R 4 are as defined above and M 1 through M 6 are the same or different and are -H. 
hydrocarbyl, or thiol-substituted hydrocarbyl. and wherein one or more of M\ M 3 and M 6 can further 
comprise -SH. 

18. A process for producing a dispersant useful as a lubricating oil additive which comprises: 

(a) providing a hydrocarbyl substituted C 4 to Ci 0 monoolefin having a number average molecular 
weight of 700 to 5.000 and a C* to Cu> monounsaturated acid material, said acid producing material having 
an average of at least about 0.7 dicarboxylic acid producing moieties, per molecule of said olefin polymer 
present in the reaction mixture used to form said acid producing material; 

(b) providing at least one monoepoxy thiol of the formula: 




wherein R\ R 2 , R 3 and R 4 are the same or different and are H, hydrocarbyl or thiol-substituted hydrocarbyl, 
with the proviso that at least one of the R\ R 2 , R 3 and R 4 groups comprises thiol-substituted hydrocarbyl; 
(c) contacting said acid producing material with said monoepoxy thiol in a monoepoxy thiokacld 
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10 



producing material molar ratio of not greater than 10:1 under conditions sufficient to effect reaction of at 
least a portion of the thiol groups on said monoepoxy thiol compound with at least a portion of the acid- 
producing groups in said acid producing material, to form a monoepoxy hemi-thioester of said aad 
producing material; and 

(d) contacting said monoepoxy hemi-thioester with at least one nucleophihc reagent selected from the 
group consisting of amines, alcohols and mixture thereof, for a time and under conditions sufficient to form 
said dispersant adduct. 

19. A concentrate containing from 3 to 45 wt. % of the adduct of any of claims 1 to 17. 

20 A concentrate as claimed in claim 19 containing from 10 to 35 wt. % of the adduct. 

21. A lubricating oil composition containing from 0.1 to 20 wt. % of the adduct or any of claims 1 to 17 
of the dispersant prepared according to claim 18. 
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